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i ij^liJI jLftUll " 4- fy^>JI « J-4 (_>^jjaj t;A*il i_jjJu11j IJ ^iS\ pjU'ill ioUll iLuujjII irjj^ 



uLujjtfrai 



^UJJ^p^aJI Sj^>*|j j*j|j_i 



jlillLiLUoll 




_aUYo 5_Jj! iit 



yJUJI <___a_l ^ 



iU-U* 



: Jlsuj < 4-_--._->_) 4_!T (jyicj JiA-ta <_>Juu _ r u V _ya (jj--^ j*^--~Jlj X^LuaJlj < _> J----J 4.J _L<-_-_JI 
__1_- ajJiLUI ^JjjJLl 4LL__3£_I jslj^^tl (J_u_L_. ^LfrU ____>jji__lj _-L__l ^--l-ll? 4_al_*_1 4______jll __ « ! n" 

cjL^jvjUJlJ istjlu aLcjji'^l lj_<_ cP^ii <(J-«-*JI 3>- u _i- Sj^jliil 4_.t-Lg.Uj -_L___lj 4___-l!l ____-L-__jJI _|i___ 
_ojlj_<- c?-- 1 ^P'- 5 --^i-*^ (J a l -— ■" ^ _>__>j _sl__»ot j_>_- LgJL«_5_A _L_ ' . i - ^>" _-_-!' (jJ-j^JI !__<_ cjiLa _jj_! (j-o 2jlj_l__JI 

_J3_*_> _j _____} :(_$j_a___ll a____JI 4_lb__- *__--- _2_- La__3 jIj_4_l__VI _)_>-i (j-o _jl_*_Vlj jaJb-JLi pe._L-.u-t I 4_>L___ _j__ <_--__. J 

.L_-L___. LajL__dl JjjJI __-L___l _-t_*3 4JJI 

^Jl-uII 4_x!jJl!I -_-jLs___I *_a (3-22 4_uL>«->l _j____-, -__-l__U j_)^___ij *u_<-___.__J 4_aL___l _jl._Vl ("it-i-^ Jl2j 
-GL-__-___>_i 4_2____i_> (J-sjlJI 3_9-- u '** r * (jj--- 3 - 1 *- 1 4_u-- > - 4_Lgi_- c__x_xJ _____ T (3^J ' *-Hi-)*^' P? -0 !-^ *■ . ^r 
_j_j_-=jJ1 JiU-J _$ JJI 4_LL__>j_l 4_t-Lg.U j-uUIl __lj_cl pjj_-__a _L S_3____i-_.l _>ji__ C-CLc- J__j i 43 1 JJ--La (j-iill 
3j-_J (J-i-C-i 4_j________>_i (jL->-J (J_t__=___i3 _-i_- L4-L0 _l_j_uL«JLI _Lc_-*3 il ^4_ljjjJl-JI j_alj_JI *.l_b _L_ 4_J__-L__-^?I 

_$Jl!I L -JU_-!I *__iyi «_« 4_lcL_!I ajJjJI 3_-tj33 -t-_po _-_4.ll -_-jjJ_--1j _____! I j<ui-T_J 4_aL___1 -__,_.__ jllj Ja-JI 
j__=_-l __ajjJ_i ^-dLJ^-J 4_La ________<- Bj-LaJb 4_)_4__l _L_ _jL_ti!l _>____ p;j_j__J ._)_<-_-.l 3,9--" <-^L_____La 4_i__j__3 

.4_J___L__ _(l 43L______<J (3_J_-->_- _^_- 4_UL_lj j_____Ij £ _j_«_~il 3j-" t 4 1 ---111 

j-j-Lt-t,.-! _____u^_______!VI j«_-___ (__jjJl_L 4_^^_i____J| _J4_vij j_jIjj 4_j_ujj__tl -_u___>_n _>__<_ (JjL__3j 

.(_j__________! I Ij-J 4_oj^L!l -iiljL^ll 'il. ______ I -Lt_Lt___. (JjL__3 4_j^_p. __. L__.j___> j_a _ji_t___il __r_j__ I j_cl! 4_LL___I 



j_c 4_L1I (j_o _j_a_3 4_j_ujj_-_l 4_u_o_»_tl _>__<_ ___Jl__> __J-_i __ru x____3 ___-__) /j-_-L_Jll jjj---i3j < jo -__-] 4_oL«JI Bjl^Vlj 
( Jjrt*"in _y3 J__><_! -_--_-j_a __ijjL__L_) t4_aj^_jl 4jjj)j____ll -liljl^JLI (J_j___»G _L_ j.-__L_<. _]-— 1 uLu ^1 g 1 u3 (jl _)_>-j 

.-iiljL^ll _>____ __iL-______l 4_Jl«___ a--.Ji3 (__jJI (JL____-___^lj >_-_l a-u-a-JL 4__ _______ VLi j 

x__i_a___ 4JI :_>L__>j_jj 4_l_-«j U Lgla _^_.L__-*li.i-.Uj L_jlj___l _-i-- _j_-*-L__J I (3^J^ U^ (J-""-* 4_Jlj 

.^LcjJI 



/j_i_L__LI j_^J__3j p j -i ____il 4_oL«JI _jl jVI 






_J LJ (jL— — ' —* 4j-S£*-<—JI 4_uj_JI 4_=xlaJ.I I ^ -■.;*" (j^—ll *J— ^j— ■' 2jL___»_l oJ_fc £)? 4_j_ _JL_iV L^« 

4_iic. <_JI (_— L— ?) 4jj) > njj <UJLi ^jL^J^I L^Lo J S " 2_ (jy^t-j Or '"IjJ 4_jjIj jii >nf (_ r ic C~-«L_ L#j? Vj] Jj 2 **■"'"' 

J_* (j___<^?l &J-& t_JljJ <*ua^M aJl_G £_ 4_L,Lq_tLj 7c__i1jJI A4JI— «jjj aLlJLj A ^-i I 1,1 3_iL_ aLftTufel j<U ( rfd—uj 

*JJ ' ' ^ - *' ***' ' < -r l '-^- u ^ ^J— *~ ^ 'j 4jjJ— »<-ll ajIaJI (j^j a \l A", , ..Vl 

Lfr»A? £ 4__.,_; I j j 2j>Jl__<s i__l J_&? J-»*? o-« CtLiTuJ? (j^-^ll l_<jjJl1!Ij * HI *u-L-lU 4_aL«JI Aim njJLlj 
_Uj Jj j 2 3cj Ij <• (j u —III J 4 2-ulj «L_I_> (jL^jVLj (1)1j— L— — aj (J_4Jl!I (J13-— « ^- {J—a-t-U (J-iij-o (j,— — ' Jl_L__<5 ;*ijj_»_ 
.(JaaJI (Jj-" ^>-— ><-! ^^^ 4_<_ulj_Sj (3^-i lUjlo-*- £ys JuV (jL_= 

4_jjjl_ll J aLjl1,I <_!>L__J (_yJLo]1 (____alt ( 4_^>____t| 2j_£>.lj j-jlj-S ) y gr U I Jt_A aJ__J jj L__lj 
2 j j I U t 1 4_n.uLmVI __jL_ll *jill I JUk (*JlSj (jl J-oLJ <£_&_U_! AJLaLiaJI AJj-j^I— ill i La La se 1 1 Ij-jLiu-a 4^Li__JI 
(j_a ^ _lJ * ji II I J—* — .) Lc j_i— ?j^a (JjLJj j«_i I a— 4_Lvj.ll £j__> ^_ «LjIjJl_j (__JU_JI <_j L_w Ll_v I *_a Lj__iajj 

■qj l— JLu (J_»o z _; Jul J— -i— — pJI 

(jfj ljJ-»- g-g*' II I J-A -}IJl_J £-rtfl 111? (j_a J-= l£>>«J (j^ J^^-JI c-~" cL ~' C^! ^J^' Cr^!- 1 -alj^-J 

a^jI—u? _;jljU J_W^?I ^J\ l yujjJ ll L_l_^l (J^jj _>?j ^^iUjj ^^^-ijlaj r«-g-y-s <LaJ— »J <_i^LL_ll l_*.LL? Jj^jj 
.*.L_jJI * join 4_l ajj___JI «l^jv^J 4__iJ_v L— tl_a_ _T (Jj«-^<j (1)1 j t^j^Lal __ L i (_)_>j_>JIj 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 



i 



2^jjtftt3j^HjjJtjJ 



j^= 











uLJjj&ll 



OPERATIONAL AMPLIFIER 



. (j-L-i-LurJI jj^-i-ll aIj V*K»b jLjill AJ^a a! JigelLml 4J&jJus ▼ 
.j_uflcJ.I <§_ I^t" J^jjjjLs 3.'^"'.' <*W^ 







OPERATIONAL AMPLIFIER 

j^i! (> L^s j^jlj^aj (OP -Amp) Jl ^>iiL>oVl ^l Ig-^U^-ilji^ll ^l j.^s» 

La== . aLVI oJlA I§_ 4-ajLJeTm.LU 4_jJjj^2=x]Vl j^ljjJI (jjaj-u^a I§_ La I JlJcTh-u I I Ap^afj 4jLaL=i2t1 j^ljjJI 

^s J^L-s ^jp^Jl ^Ltai t>i 2ji_ui Integrated Circuit ( I . C ) a^L^oil j^IjjJI op* ^ 

Operational ) c^ljuaJI j^=^ f Lh^' t*" ^j *+£** ^-° ^-^ «jlvIj i^j /\ s j^j 4- 

jl^Jj j^ijjji xjla ^j^i ^a tuLU^ij.^naj oLiutjjVl 4_ jluISJI LjILaJI c_!j^ji j>u ( Amplifier 

_^j Ji-jJij gpjl ct>j cUjj3 ( passive elements) <jl*^ j^ ^jU. j-^Lui J^.^ 4^i_p. 

iL. -ajLJeTn-uJ (jy^ ( AJjiaLZiJI ) 4jt~f>JI jjljjJI rtjo Lgaj 2_ }LjLa> lj^pL3 4-A)Jijl!l <■!) Ij i ^— i -cU pj-J-LO I Ijlflf J 

. ^jJaLilJI j-jjjjo^xJI L-nr^r (jy^ til! juj (_La L=al] I j JjisLiilJIj r-jlaJlj *_c^>JL=3 4_jjLlxl>JI <J1i LJLaaJ I 

p^~ ' -*■**' tl ^_ ajLJeTn-uJj i"iVI uaJ^f I '" „''J^"'^~' 'I ^-3 * J J ' ^ ' ' J d^gjuaJI '"' j '^— i a ^_ I tiaj 1 AjLJcTu-aJj 

Cjlj_L=xil <jL (JjiJI j)^~> <nj . J^4^><JI ^jl^i" J^tj-5 4- tiiJ Jl=ij <JliUe.JujJ.lj <JliL ju jii.1 £_ Ltiajl aJlscILuuj 

. 4_lcj2jJIj AjjiaLilJI <JLiLJj^=l]V1 fj^f (_|== 2_ aJJcTli-uj CjulsI ^AJLilJI 

{jja J^^l (jyic <i>.j_a Jjt <j? (_JI iaLisVL j-iiLi! J^JjJI * ta^utjj cLajp <Jls LLcjl! 1 j_l=^j Jj>Jj_a (jVj 

Sj-il-i I2_ jjj_cj jl ^JJ tUl ^"^-1^3 (J I «n"irnV r'Lb'oV til! jj ^yijLaLajj^^-i a ^JjC fijLtC CjLJLaaJI j_l=x^3 

jjljjJI A^jjiaj «-luaj Ly ^aJ |jL» L-xx^LLa CjLLulJI ja^sua jP^i lLUIJJj ^tla^ljJI (^jLJ a »t< j i^a a 

j_<iLJLI tloJjJI l_xjjjijj . 3Jlj>>Ij O»oj_<i (jyic L^laL=ij J g i mj (jP-5'j ( tiiiUJ^JjII ) fij^ijJI Aj^Lv! 4jLal^-i"JLI 

tiJJi J I ' a lia I . j a ual! J LaaJ <Jl! I -i-ij^ x_o (J-**J <j I <-li LtLc-tJ I j '^~ i I 7g^-mj I Jl^2 <Jl! LiLaJtJ I j '^— i a (Jj*- lj_a ^JAJ 

j^jil (jt JllLiIujJI j_l=xaU ^jLa tiJU jj (jy .LiJjLa3 j_l=i^j (jjc fijLj-c (JT JuijiiIlJI j '^— 1 1 1 (_jjvlj_a (Jji (jLa 

) j«UjiLj ^SJjJlII i=3jHAJLI jljll JuJ jl Ldp-ifu-U <_J^Ljj^?I (jia^J JJij ( (jy^j-flJI ) ^yLjaLalll J[^~ iU <JLllj_L«^ 

(> (^aiiaji ^jJt! JjjLia ^^ i^jiAi! jijii j-u j! ^^jj ( common mode rejection 
JL>JU Igii.nj ^Jij ( noise ) 3>^><i jt X^y±> {jr ^.^ ^tj U^ ^j^j-^ 1 j^ ^jIjL^^i j-Lojt 

j '^— i a 4_uIjJij aj-Sj i_3jjjij .^a^Li-j Jl^>JI jjuua^a 4_ diLvj-aTLlI £>£. <j>jL<JI ; I uzj t^aJI tiiJji.=3j 4_o^jL>JI 









uLJjj&ll 



. <JLiLJ_^I=iJVl JUta 4- eJUjjJI 4-m.UJIj C^jJI £ys j^L=xJI J I rllbo tiJJi <jV Cy l^l jJI 

7rL*b»o cJsLcj ( VO ) i la *'<* JLvlj rj^J ( VI — V2 ) (j^lio 4J ^jP^aJI iLtoJ j_& iliLJ a » ?l j 1^3 a <jl 

. ( -15V ) LJL-u ljL$*. CT Iaju j^^Ij ( +15 V ) Lo->a lj-aTLL.j.a IJl£>- <_,k«j U-AJLv? Jl£». (^jju^a Jl 

. ( 1 — 1 ) J-^— ifaJI I§_ (j^-Jlt J Lai JlJcTu-uI jj=3^lj_ajJL '"'I .J a » II j 1^3 a (_Lu-cj fUJJ 

Vcc = +15 ( V ) 



Hjn^LnH Ji-jJl <-S>Lj 



Jl ,>jJl .J> 




^ 



VEE = -15 ( V ) 
I jj^JI >j VI JUJI 



<j*£l*2l JaJll tijl f> 



V2 

ijrtSU- jjiil Jitf (Jji • 




uLda)ljj£&al£l3jild)l 



OP AMP *J*iAUI jfiJ «£Jl£nJI IjjNI ujuTT-l JiiJI 









uLJjj&ll 



. cU^kiJi ^Lzs ( 741) (jU.v.ti 



NULL 
y^LJIJiJI VB 2 

CJUI iiiiUI-VCC 4 



(jaijjLjJI .UL^ fl ,j^_u (V - \ ) J^— iSJI 2_ 



8 NC J^=5» j*c 

7 +VCC <f>jJI <iisill 

6 VO gjiJI 

5 OFFSET lai^JJ 
NULL 




ijjlj^j 4_lL!>2 LtaoiiaJ tiUjj ± Offsetliull U-A <jL2j-k -^J^ O-^W^' ilaiaieA 4- ^' JajvV 

. 4_jjlj!l J^jl! Juu Laj^ til! J-J (jlsjJijJ t_3j_<-uj . (_L>- jJI ^-j-La (j-« (_£l (jr^ 1 ^^^^ l£' (3.1. " t**^ (*Aj '—43^ 



-IJlS* JLc Jl^JV (.r.M^I 4J 

rt^TfclJI 4 o W\\ 2_J Jl^>JI rtjfc '" j^ljjlj <JLsL ju jiil 4_ -ajLJeTn-uj til! Jl=3J . Li^_i£.j Jjls Lai! I J 






( Characteristics of op . amp ) ^Lt»«yt)ljj5UU^uV!jtf!^BJ! 

t ( Ideal properties )jj5UD^JLxtl jj^sll - 1 

. AVOL =C JuL^ VU ^jl^u ^liil jlWJ jt^l «.,,,,^ ( > 

. Rin = go i^L^VLs ^jLj J^jJI ^jLLo (Y 

. rvO = (J j-fl-t^o ^gjLi-uj ?rj^><-!l 4_ajLLa (V 

. B — GO ( AjL^J^La (_£jL<-uJ ) J>jJu*^s jjlL CllljlJljJ j_t>- <U (i 

. CNMMR = go ajL^VU ^jL^j cdpAll c-j^Vl ( jui ) ^2 J i+u^ (o 

. Bjlj^JI 4jvj-i <Jl! Ij_Jijj jjLjj V ( «G}L«L*-a ) 4_*^1^>. ("I 

. AVOL > 100 000 ^l^v lj^ je = 3 CJ iU! jL^JJ j^I ,.,,,,^ ( 1 
Rin >200KQ *ij^ ij^= ji.jJI ^jLl* (y 

• ^JJ. 1 ^ ob^jaJI j-p. (Y 

. CMMR = 90 Db Wj^> ^>^ti cj^L-Vi ^j w (i 

. ^l:lji Jjj^ <> m sP^i 4_lUaji ^i>ji <u ^jjij 741 

. AVOL > 200 000 c ^i\ jL^ii v ,„ ^ O 

. Rin = 2 MQ J^jJI i^u* (y 

. RO = 75Q (Y 

.CMMR = 90Db(i 

: u LlUaJI jjSU u Iju** 

VI — ) (2A^ >-" I (j-t- 1 (Jj-^ ' j-l*Tl! 4_lxxl1!Lj Ljiaa* 'j-"G j-i-^Tu ( V O ) «Lvjj». (j U <Jl! L J -o-tJ I j_l=x^j JLLqjj 
VI - ) £_aLki-j^u( VO ) (jf Jo^>U J^lAII I JlA <>sj (4 - 1 ) J^aAll 4- LT>^ ^ 1 o^ ( V2 

Jl J^uj^m ^> Far2 3 \ Vcl\\ VI - V2 ) J^l jlj li! Uf .( oJ^ ^1L» jl^Ij ^1^ ) Ijcv 









uLJjj&ll 



>. uJlc <_fl! jij ( -15V j I +15 V ) Lai jjfcj 4^ ^Lkll jj i^iU Jl^jv 4-a.iJ3 Jilc Cc-iTug a-iinTi]! ^-J^ 

. (V1-V2) 2jLi! 



+Vcc 


i 


/ 


1 


Vcc 







OP AMP CiUbaJI jjIoJ UaiJI «3bill ^wj £- 1 Jlill 

Ljj_*ia-<s J^jJI 4-J-^ 3 Cr^ 1 4$^>^ CIiLJUaJI J-f=*l ( VI — V2 ) (JjJl^JI {jjs Jj= 4_a_^2 ££J J^-ili (j! 

VO = AO(V2-Vl) ► 1 



VO = AO * V2 
VO = -AO* VI 



jLaVl=0 Lu^jlil 1 ^j JUjLdl 4- 

► 2 

,La V2 = Ll^= e lil Uf 



: 7r J I <aj 7^>JI 



L)L 



< LtJvj-a 'J^>- ^J^J' 4- p k * J ( V2 ) (-SjiaJI (_,!£. <-i-»a Jl£>- (_£? j! U-&Ll*-d ( 3 ) < ( 2 ) (j^i!.sL«11 

^jJJI 4- LJL<-u Ijl^v (_, la «j «GLa ( VI ) J^jJI ^yic l,^^ Jl^ ^l <jl L&Luuii ( 3 ) aSj aJjIjlU La? 

( Inverting ) ^^uji j^jji Cr *_^ ~oU ( VI ) jijdi jU LiiJjJ . <jl^ji zjLiVi ^y ^n: 
^Ijil (> g^ J^= jLa ^U^j ( Nan Inverting ) ^= 3 l^\j^L J^jJ! ^ „ , ,,j( V2 ) Ji- jJIj 

JijJtrta j_u-=xj (_L<jL*_« 4J <Jl! LjJLsjl! I j '^— i a ^jLa Ljjij L«j=ij j""j lx^slj (J^jLiLA J I ^-Ll>ij '"'I fl-txIallJI 

Jila i^jLiJI <JiiLJ^=xil u<~i*> iaLisI ^jjj_tiaJI £ys «GLa tiiUi (jyic (_>-1*TlUj . j-uJiHi! (JjLaj_i£j Ijuvj_l±=3j 

j_L=xil (Jius . <Jl! LJLcjl! I j_l=j_o I ^j*°i ajLSej-mJ i_3j-<-u (_y-!l (j-ulallll (_i.i.i:LV (jyic '**" ^"^— 1 t Ij (JLiLajLSJLl 
£_ LU=jlj ' JjisLaJLlj i J.al^-1 tlj i ( (Jj-rill ) 7-jLLaJlj i *_aL>Jlj < ^j h^-iLaJI j-t£. j-i^3 Uj ' ^jn^— -iLaJI 

^yJL L*-j^j .L^cl^jL aJI iLflJI tJiiLjtjijJLl j-jIj^ 4- tiJ-!J^=j < <&iM,lj 5_*jjJ»I t^U-^il iIjIjJj^j cjLJbJJll j-jIj^ 









uLJjj&ll 



input offset voltage? J£d)K jljjl ^jl^d^- 

(jj=xJj ijt><^ i^gjL-uJ j j-^-ill £>»• ^4^ OJ^-iJ O ' S-*"^ D^J^W Ct^*-^-^' J.'^*" 1 ^ (J^"^ 'ArJ^ lU^ 3 ^ Jl -" 1 
(jyii-ljJI JjiljllJI i*^ 1 4*4-"*^ "-^-^J .CjJ^S (jyiLa 4_*_tiaj (^jLtxij (Jj j-aj^aU Lj^LtxLa t^JkJI (Jj^=ljV LJLah 

j^=xil ^i. Jl4>. Ja^J f j^U' ( jo"'"tl jl^>JI ) <3jUJ! J^JlJI jl^3- «ljL) Vos J^jJI <Jjl>o ji^ ^j-^j 
. 5mv i^jL<-uj jl^>JI i jui 741 j^l=xaJl!j lmv ij^Lu^ Ll>o_$^jj .jj..^> l£jL<-uj 



^_ I o^—i j-< Cn . u .a jju*a_a J^-^J 4_ajL2!' JjJj-La (J- li ^ s ^jj Jl£j>JI 4Jjlj^J ^_^la (JV ^J- J - *^ - a 4-ajL2-a (J- li ^ s jj 
j_i£j (jn-^LitJI ) j^=xil (jyi^^ Jj^sjj j_l*^5 ^^4?^' cr^ 1 ^J^' Jl 4^ tlajjua] j . ( ? — I ~ \ ) J^—i mi!I 

.J_flJ^sJj Lj^L-CLa T^JkJI J-gJV ^- [ I a3J (_^i»- Jjjj-Lil tiJj^>0 AJ (_)l3J2Lj ( (J ii^—i Iaj I 



o- 




-15V 

( I - £ - 1 ) J^tf] 

. cJji £rti)ljj J^^'jJ 4jJl*11I ^jJl^s^j Jl^ (j-a JJaJ (jj^-ij IjUrj 






Vo = ± 14 i^=a ^ipJi jU VEE = -15v t Vcc = +15 v jL=ii|741 Cr LJL&Lii j_^=^ 4. 

. + 14 V J I — 14 V (j^La £jl>b (jl ^ a ^ JJ-^ 1 -^ U' li' V 

tS^UJI 

?Tjj». 4_aj|JL«j lju>- 2j_u.=3 (_r^"-^ 4_«jlJLaj l^>- (J'-' 1 ' . ' ' "^""' d ) j <*-—* a (j-C- 'jW^ 1 '** -^ n * '' J '^~* a -^ 
. j-ftTn.u.aj^^-1 a ojLl1£.I (j^-i <ij 4JLa < LlL^I j j_luLlII tlajpl (Ja.Cli.uj l-jLJUjlJI j_l=xa (j^?j .Y 

. (jjlsIjlJI j_i£ (J^jJl! j^Mj <(ja=j!jlII (J^JlL! U^.t^t J^.tlt j^q^U ,-.! M^.tl j ,<^t v 

(Jj^sjj CjLJLaaJI j_l=^s (jf (_£] ( (jjLSil fijjlj I JlC ) ijvjIiLa SjjIj 2_ *JlX~lujJ^ l-jLJLaaJI j_i^-i a .1 

d"\t ^1 » ^jl d , ^1 i^.-^. .3 p^— .^."tl Jj^— i $j 4j| (JjLiLaJtJl j , '^~' "'"'Ijji^p^^jj^ .0 

. Ajla 4Jll£SjJ.I 4_jjvjL>JI j-LaLisJI (Jj-L= (j-* 1 <-^-^J ( -^-tA" — jjj^-Cl!! (J-aL*-a (Jila ) 

. =t VCC AjJlClII Jl^jv (j^j j-^=^ l_jLJUaJI ja^aua (j_a ^>>- Jl^jv ^yic Jj^i^o <jJ JLv (^L .1 

. ( l—iJ^j^j < l_JLlu ) AjJlClU (jjjjLt^a^s l-jLjJ i«ll j '^— 1 1 ^j-lj -V 

*-LuaJJ (jl (_gl « \ i aa t, I 4_ka_<_ul^j L&j j(j->j *uj 4.j^ajL*^aiw l£JjJl=ij l-jL J LqjljI j i ^~i t, (_,l-ijl-i"»-" II j«-lujJI .A 

j (_£ jjl j_l=x1I L_j^LaL«j5j j^" uaj>iJ LJjj)j_j (_£J-JI jji 



<$ op . amp ^u.y.tij.^ti l_jIj_l^ j^=ji . ^ 
jjj^a^op . amp ( ^u.v.ti ) t-jLtUJIja^ua: Ja^=i . Yp^ 

4_ajLLaj 
P^J^ 4_ajlJLsj (JLiol 



■J (_^Ll<-luTl!I j '^— i »11<Ll1 n * II (_)^ajl uaj>JI (j^J Cj^Lj 4_>Ll=3 x_a (_^Ll«-luTl!I j '^— 1 1 1 j-«J («-<-"jl • Y(j 









uLJjj&ll 



: L*A CjLlL**J! j_i^3j9 J^'j-^ fno '^ 'Uj Mint 4 _t . »A ^I <uL£ *§_ (jljAuiLaif (jb Jt£.LS Ji>-jj 

. IY = < IX = ( Ijlv ijii-^j ,^,^ 



0-£l*J| JiiSl 




O-^lff jitSl JiJil 



JijJI 4-jJa o^J^I tij-a jT J^jJI 4-jls ow ^^ u 1 l^ • VA = VB ( B iU?'A\ ) ^=,L*1\ 
VD -K) VD = VA - VB-* >*, ^U 









uLJjj&ll 



( Experiment for input offset voltage ) 





v < S> l_j_ftJ \ ,>.^m\ A L-s , 


-lw ^LJ—i 


J+ 


=l^j ^j-i<J jrti^ttl i U j i h> : Sj^fcoJI £^o <_ajtjjl 




: ^JiselLuJUj-t^sLuJIj SJ^>.afl 




• d^J^ ^y 


. ilSV-DCj^t 


<b JutlJ j-^Tn-u-a Jl^jv j Ju^3jQ ▼ 




. 741 ^lUaJIj^^ V 




. DC jTu-aTJfra jL^ 


(10KQX3 - 100K&X2-RV1 10K& ) ^Ij^^oUjU. • 




1C 

■ 


OK 


£1 






■ 


J 






+ iev 








lOKil 


v 














1C |1A7*1 


^ 6 










4 

II 


" 






lOKii 


fr 


1 


n 


S 


i 
Vout 

1 7 








1 




_i 


. 




1 i 



741 iUJ+aJI j*£+J ji-oJI fc*JJ ULmJI SjSIoJI ( 5 - 1 ) JSJ>M 

. ( o- ) ) J^lAJI 4. ot^jll 2^51 jJI J-^jO 

. ( + 15V — DC) jl Ji2*j XjJlUI jJul^la A U , ut^j LiLulJI 2jjI jJI AjJLtb *Ja (Y 

. ^lojVl ( vin2 3 vinl ) ^jr^jji j^^sf (r 

^ajLSil 4 t-i hiIjj j^'r^lt Aj^Lcxla 7Tj-i<-J1 Jtlc 3j-<Cli.u.U 4jj]^a]I pr m^i" (j? Jl i»»lj^M ilajLia j_i£. ( 1 

. (J^jLlSJI jL^>- 4 La 1 ulj J dJJ^ j-llvI < 3j-l<TlII 






(Jjj^sjj (J ^-i <nj (1.5 (Jjvj^I ) Jl^ 4Jjlj-a ^_>k= ( 741 ) Jila 4_lLl<-iTuTl!I <JLslj_L=m q r\ t j 1 J^JJ 

. ( o - ^ ) L j^xAJl 2_ 

4_SJj_Lll 4_ojLSJLI tiJj^>o a3 ( _ 3 _iisj Ju j_L=iil (jy ii-lj J ' a J,' J ^ ' a 'J-^-?*-^ Cr^ 1 ^> ; ' ,, ^' '4^ da_uiaJj 









uLJjj&ll 



( Inverting Amplifier ) 



:^wUVrijjlJUI 



^^ 



: 




* • Vout 



^£UJ\ ji£+M ija* iaft. [6-1 ] JSAJI 

.4_l!LjiJI ( <ajvIjJI ) 4jin^-itJI AjjJiIlL ^y-q-i-ujLa (jjrt-»-"t jj^-i 1,1 (J^oj ?^>>- drv ^_ajLS-a 

R2 

— vw— 




Negative Feed Back t V L ^ ( V^***^ 

AjjiiU! jirtiij .( Open Circuit ) ^ji** s^sb 2_ ^iji.Vitlji^ti *jl^ , ,,jV s^Li L^=j U^ 

jj JLiiJi ^jLia Lt a R2 i^jUii 0! ^p* (v- > ) J^lAJI 4. U~= Inverting inputj,^ ai 






-bl (> ( >o^i l^t VI ( ^jiai jL-ll ......^ ) j^=laU ^UII t_,,,,^tb ^^^ 

tjifi ^UUi ...,„^ii jl*i^ ^^ ( Gain Stability )3j^= ^j^ y<^ti jlj^i^l ^^^ ( i 

. 4ji,l^-|tll 4j jJLlJI juL^LLc. 

.AJAjuajil (jyic- s-L-'J Lj-Ajl-Lli-lj I ij** 1 .; .'"'"' ) j'^~' i ' 4J2 <_dJjj t^JkJIj (Ji-jJI 4_»_iL<^4 (j-ii.u-->o (Y 

. Band Width jjpji sl«>> ^j^ ^jj (r 

( distortion harmonic ciU-aboii ^u^inj ajjUI 4,,,,;ti ) Ct Lj»ji j^ ^lU! J^ (i 

Virtual Ground : £>ALtill ^i> f VI 

J}L». (-) (jn^LtJI i^jiaJL J^jJI 2jLil J-^ajJ ( V - \ ) J^ mi ^jLJI (jn^ibJI jo^a-U Sjjb 4- 
j-lL ' aj LaJI J ' ^"'jj? (j-aj=L»JI (Ji-jJIj ?:j~><-!l drv (_bo>J R^ ^""^-"^ aj JuilJI 4_ajLLoj < rvl A_ojLSil 

.^/^L ( + ) c ^=[jLi\ 

VA = VB)^,!*^ B 3Us;tl juc. jl4>JI l$jL>-uj A 4Ja2l!l jiic Jl^>JI <jLa t^joi^lll 4_jJLlJ1 SjlcLSJI ^ytj 
< Ljj-2j j-li^a MgjL-uj B sUs:tl j^v jj^-— j til! JJ ( Ground ) Cr iisjVL J • ^"" A sUsitl jl L^jj .( 

( ^^o^zjUJI ji.jji ) B gUSrtl jLo^i o^y j;*\ Virtual Ground ^j^LL^i ^jVL u « , ,,jU Ldbj 

(JS-jJI ( Jj ) 4 La-S-lJI jj«""^ tilli x_oj 'J-^ 5 l£jb.aj Lj^JJj I g-tic ' J7-N <J^ tiUij t^tijj^l 4 La aj (JlLa 

4_ajLiLa <J^L»- (J^JlJI jLjj ^t^t a j-«j (Jj (Ji-jJI jLjj t-jj-coj^? LjJ^? lilbj c 4_l<2jJl». < JT Jii=j1 4 La2J i_JLi!l 

ilL>baJ1 Z^SI jJI ^ « , „- <jl p^<n <Uk.j . ( JjVI SjuiUJI <> IX = OjV liiJij ) R2 4j,„^ttl AjJLJtlJI 

.Virtual Ground Amplifier ^p^LJaji L7 ^jVi Ji ^^^L 1 

: (JS>jJI 4-ajLLaj — Jl^jJI '/ ■"*-— 

2 tj^,„i i fr>JI JJ.'^— "' J^aL«ja <_jL.ua. J;"^— 1J ( A - \ ) J^~- ■"■■ L yu^a\ «JI j ;^— U Zjjib 2. 
: (_yj2(L^= ^j' t -^ J '-"Jl fd j «i >^"il (^jLclJa (jjuIaZu 

(j u aj jjfc Rl 4^jjLUI 4- jUI J^jJI jLp (j_^=xj llUjuj Ix = J? mj! tj 1^3 1 1 Ji.b jLu j-*j (^ 

. R2 lu.M^ttl AjJJtUI A^jLla 4. jUI ^jJJl jLjj 
. ( VA = VB =0 ) tfl pLjUalaja^dl Ji^j 4.jl= (jriJ Js^>JI (Y 









uLJjj&ll 



WW- 




( ^ - ^ ) j£J3l 







(j^LiJl jiiaU A^Lau^I (j^LdiJ L>1U ( 1 - S) j£^l 

s j-#jv J! vo £jj*JI J-4^ (Jj^j cP*- C7-^^ j-^ =~ , ° ^ J-^j-^ 3 ^' u' <l^%t3 

.1 (jJLt-i- JuTtJ I j j^3 o It ^ji» Jl^jv Cy k. Jj^oV Lot i^t .( Lu^Sj ) -VCCjl +VCC 

. ( positive or negative supply rail voltage ) ±vcc 









uLJjj&ll 



V2 = ► 1 



Vin -VI VI - Vo 



Rl R2 

Vo = Ao(V2 - VI) 

Vo = -Ao * VI 
Vo 



(jyjbl <\^—> L^bl"l^— I (] 



-►2 



II I JLjJ £j^>J1 aJ^Ljlo <jLa JjJa ^ Lblj L~= 



VI = 



Ao 



.: 4_JLi!1 4j_sL*11 <_,!£. J^<i ( 3 ) a^j 4_J.sL*11 4- ( 1 ) f*^j <J-iL«il o-« (_)iaj_^uJLj 



-► 4 



^yic J-uaj»o 2 aj2j 4_!.iL*11 £_ 4 4_!.iL*11 (j-a (^u^aTlILj 



(jy k. J-t-a^J L^laj 



R2 * Vin = Rl * (Vo) 

aUllji^n flltjH^-T.tl J-aU_a ^k, J^^J Rl * Vill ^ c^jJaJI U-^j 



„. Vo 

Vin + 

Ao 


Vo 
Ao 


Vo 


Rl 


R2 




Vin 
Rl ~ 


-Vo 
R2 





Vo R2 
Vin ~ Rl 



Rl j ( 4_jj_cl=xa]I 4j JJtHJI 4_ojLLa ) R2 (jjo (_|=3 ^ylc JlaIju Jl^>JI jj;^— "' (J-aL«-a <jf , U«v.\> t 1 ^j-aj 









uLJjj&ll 



( Non Inverting Amplifier ) 



-© 




(j*£L* jiLSl jiUl tjilJ £AU ( ^ * ~ ^ ) J^ 1 



Vo = Ao(V2 - VI) ► i 



V2 = Vin 



-► 2 



- 3 



Vo = Ao(Vin - V ° * R1 ) 
R1 + R2 



^ 


= Vin 


Vo*Rl 
R1 + R2 


Vin 


Vo* 
R1 + 


Rl 
R2 




Vo 


R1 + R2 





AO ^ (jr^ji^JI 4 fl ,M?;j 

4-bUll ^-Luaj I Jl! I JlJv Zj-u^3 AO ^Uu£ <jV 

jr^jiaJI ^ VO I 









uLJjj&ll 



Vo 



R2 
Rl 



j^j! R2 = 500KQ 3 Rl = 100KQ l* 3 \2X\ ^ eJL^ lit ^^^UJIj ^J Ll s^b 2_ \ 



S Vin = -2 v ji.jji j^ jl^a bl 

c^JL=i bl (jn^LtJI j-t£j i^U BjjIji 4- ^i 



j^jf R2 = 500KQ j Rl = 100KQ i* 3 [2l\i^c 

S Vin = 2 v Ji-jJi j^ (jL^= bl ^iJi jl^v jl^j! ^j 

=l*JI 4jJl*1]I 4_ajlJLa (Jo^ajj q h^-iLaJI j ]f~> U ^- : Jo^~ii Tjj 

L^jIaJI ^yic J^jJI SjLil 



...^ji^JL. ixu 



Jj (l^t" Lq-L u 

. <^j^ (^jLxu ^jJ»JIj Ji-jJI (j^>j_>^' l3j-2 u j)^~ i j l? • 



j I -i ^ Lu Jjj-aJI -iLj>«j| *-« (j "^~'l «Jl j-^c-j (_ 



iij-sb f^-^j' ^o-" 



( 'iLJUll ) 3b>ftlll ) 
( Experiment for Inverting Amplifier Circuit) 

■ 6jJi\ jJI (jyic CjLjjLjJL aLjJiJIj (jn^LitJI JJ^-I 1,1 SjJsl.5 L_i-j£=j3 Cr^ 1 <— 3>*^' ' 

^jJ»JI Jl^j J^JlJI Jl£>- o"U^ «j-j'-J^J (jylsJI i^in^tl JbJu*oj SjjIjJl! l^-itl t-x-L-o^aJI uLulv ▼ 

.i^jil Jj=Lui fU-UjJ < -i-ij^l'j fijjl Jli! (jyl^xjl L-X-L^aJI (>J A^>L«JI JLjJt^tJ ^ 



. 2j_il JdJ (J- u - a ^j 4jvjJ 

. ju^zdj 4jJl*2J it 15 V DC j^ClujlA Jl^jv 2j jJa j Juua-a 

. 741 oLU^Ij-^ua 

. ( Oscilloscope ) l£jL2j 2jLi| ^Ij 
. ( 100k& - 10k£ - 2.2k& - lkQ - 100£ X 2 ) Y 2 w ^ cj^: ^UjLl* 

: SjJjIjJ! Ja£. 

^Rl= 100£2<Rg= lOOkG^ tnUjUii ^ ^^ (v) J^ All 4- ^qi <JuaJI s^i jJI j^j 

. ?:jJ>JIj (Ji-jJI (_pjl_.il (_p3j^ij (jjt==iL«JI j_i^xil 3j-il-s (jyic i^jj^lJI '-'I mLtflJI Jl^Li 









uLJjj&ll 




^UJI jiljol! iiLuJl tjjljJl Oiii ( 1 - T ) (J£*33l 



: iajtii! 



Juttill S^ljili L7 l^=xJI <.,,,,«=-■ tlj . AC J^lj DC Jl^I j n^T.t ^LlUaJI j-^a Jo*".. ..j 



aLof . 



,fG; 






VA 
VE 

j_i£ i_3j_La]l J i <ajJj (Rl/ ^jL^-' J^>- O- 4 ( _ ) (j.i^~iL*-!l i_3j_La]l (jyic Ji-jJI «jL"4 (3-!. 1 ^"'" (^£3 

i Jt ' ■•^~~ > *J' AjJljlLJLi (^yAJjuLa j^'il j '^— 1 1 1 JiOj ?TJ^ L^V (.-*■*-§/ 4_«jlJLa Jj^sjjj (jr tisj2Lj ( + ) (jaiJ=iL*JI 

^■jJkJIj Ji-jJI 4_ftjL«_4 jj-cxLSO tiiJ Jl==J fij-LiS 4j>-jJlJ t_j mi^-i II jljrt". ml (J-iLxJ (jjJ-Jlj 4-JL-oJI ( 4-*JvljJI ) 

. ^ Laa. j JLllZj tfuHJl (j^J JiS3j J^pJI 4-«j^>- ^_ysj^. f-m^ (jJLL!ju=ij 



'. 4_ij_*a]l tl^ljlai. 

j Rl= 100Q ) ^a ujUjLSII j»jS lL^ ( ) - Y) J^lAJI 4. iiull <JuaJI s^IjJI J^j ( 1 

Rg = 

^ j^jJi Js^ oJi ^ . ora-jUii w> (> G ^mi L7 i^=xJi c-.M.^ti ..,,,.^1 ^i ( lOOkQ) 

.....m^i ^ Jjju>Ji 4- £-^=>« ^ j==xJ ( Oscilloscope ) ^Lj^=xJi ^IjJI 

. jjhJ^J^JIux^^JI 
. (Rg= lOk^j Rl = 100k£2 ) jl j^LojLsil^j-Liij^C 1 ) Zj^iii 4. j^Uj^^ (Y 









uLJjj&ll 



a+ja lOOmv J\ ji-jJi j^-jjuuu £* (Rg = lOkQ j Rl = lk£2 ) jLl^lsii ^ j^ (r 

C7 l=ji (> ,,M^ti «.,,„^i («u aJIUI AisMiJi JjIjl^ji 4. ^^ jjp J^=J ( Oscilloscope ) 

^IjJ (jai^jUJI J^jJI JajllJ .SjLiVI (<uoilj jU^ VA £jL>J! J^^J'j VE Js^jJI Jl^jv J_^j ( 1 
. 10mv Jio j^j . ( 400HZ ) ^ cjLjuJiJI jJ^ <> jjpll c^Lis ^ . VE ^Lil ZjLiVI 

G = j^=3 (Rg = 100k£2 j Rl = 100£2 ) ^jL^ jLl^Lsii 0^=3 Ujj^ 



200K 


100K 


10K 


IK 


400 


100 


F(HZ) 


0.01 


0.01 


0.01 


0.01 


0.01 


0.01 


VE(V) 














VA(V) 














G 



G = 



(Rg = lOkQ 3 Rl = lOOkQ ) ^jL^3 (jii^jLiii i 



200K 


100K 


10K 


IK 


400 


100 


F(HZ) 


0.01 


0.01 


0.01 


0.01 


0.01 


0.01 


VE(V) 














VA(V) 














G 



G = 



(Rg = 10k£2 3 Rl = lk£2 ) ^jLcoj jLLajUii oj£=£ Lojo^l 



200K 


100K 


10K 


IK 


400 


100 


F(HZ) 


0. 1 


0. 1 


0. 1 


0. 1 


0. 1 


0. 1 


VE(V) 




























G 









uLJjj&ll 



(Rg = lOkffl 3 El = lkffl ) ^ 5 L^i ^Lii^uii tjj-^J L*^ 



X = 



















































































1 1 1 1 


MM 


1 1 1 1 


II 1 1 


1 II r 


1 1 II 


II 1 1 


MM 


1 1 1 1 


MM 


II II 


MM 


1 II 1 


1 1 II 


MIL 


J 1 1 1 


1 1 II 

























































































S^Jj^tlll £>£. IjJ^Sj ( j'~i^—i\ 



(Experiment for Noninverting Amplifier Circuit ) 

?rjJ»J1 Jl^j J^-jJI Jl^v o- ^ 1 Sj-j'-^J l^tl ( >( iM^-itt JljJlt^jj 2jjI jJl! u \^~>\\ <.r .m^II uLul-v ▼ 



_^Vljju 

■ j.'^~i tl 4jJl*1! 31 15 V DC j-aTn-u-a Jl^jv 3jJu2 jjuua-a 
. 741 cLLMtJIj^ua 

. ( Oscilloscope ) c&^i h^l fb 

. <jiiLjljjJI jJj^s jL^jv 
. ( 100k& - 10k£2 - 1K& IjjlH* ^jLs^) V% w c±\ 3 <j^ ^UjLia 



:«jj!jJI J*£. 

II Jflo ) (jat==iL«JI (_aj_LJL> Rg 2_.,„^— »tl Ajjilll 4 ajl *" J'^j" (j-u^aU-ll jaAja^all flj.51 i '-^ 
oLill rj^>JI «jl-"4 J_^= ?• n^i1*°l (JH^-iLaJI j_i£ (_3j_La]l ^yifi. J j taj V 111 Ji- jJl fijLil ,j^iJj ( (jat-sLsJI 

V 111 *_« uLalLa 









uLJjj&ll 



R1-1KOhm 



HWV 



R2='0dKChrr 



wv 




, I o£lff jitSl jj£aU aAmJI EjjjJI (^iu ( T - T ) J£*£!l 



ijjjssUI CjljJLii- 



.4-ftjjJ.I i^^il 7-lla.o (jyic. i La » i a I (<u ?:>»■ J !$■>■■ (JS?j lKrlZ -S-^l!l ^ylc (JliLjaJJI jJj^J i La ; i a I ▼ 

^jilall sLisJIj ^jAJ lms/cm j o^JJ 2V/ cm ^ JjVi sLl^JlJ ^L J{j ^ti ^IjJ! J^j=i / 

. <>ji] lms/cm j jl^jj 5 V/ cm ^ 

. ( Vin ) c> a-s=bJl j^j.^U s^sb jso Jl cibJLjjJI jJj.* J^aj ^ 

. tjiliJI zLiilJ ^L,j^=JI ^IjJI ^M Vout ) ^jJJ! 2jLi! ^j^l •" 

j a , „" ^^ ^jjiULi ( Amplitude ) ^-Lmi jj^ia ^ c^L ju jji jj^ ^^i. LjU_^ ^ji V 

.^LJlill 2L1SJI Lr b. ^>>JI 2 jL"4 U^ iiia cr^-J <Ji^' fiLiSil rtu-uljJi 4 La , nl^j J^jJI 2jLil f«u-ujl ^ 

?:jJ»<JIj (Ji-jJI ^jLil (J^Li- (_ys 7:jJtU 2jLiJI Jl^jvj (Ji-jJL! BjLiJI Jl^>- 4-jJLlJI cjLbo^JI J-c-*^ ^ * 



> Lj-ku I gj 1 •■"- 1 <3 I jl t* I g-tu 



. (_^J! ^LiDI <> s^SI jdi Ct 1^=JI , 



.1 • 



. l_4jj 4-aL-U-iJI (jyl^- 



>u 









uLJjj&ll 



,^1* j^iJI jj&*JJ JioJI ijLil 



Yi = 

Y : = 

X = 

VPP ( input) = v 

Vpp (output) = v 

F( out ) = Hz 



Yi = 

Y 2 = 

X= 

VPP ( input) = v 

Vpp (output) = v 

F( out ) = Hz 



















































































1 1 1 1 


1 1 1 


1 1 1 


MM 


MIT 


-i i i i 


MM 


1 1 1 


1 1 1 


II II 


II II 


1 1 1 


1 1 1 


MM 


1 III ii ii 


MM 
























































































^£U j^iJI j,j5*U gjiJi ijLil 


















































































1 1 1 1 


1 1 1 1 


MM 


MM 


iiir 


1 1 1 1 


MM 


MM 


MM 


1 1 1 


1 1 1 1 


1 1 1 1 


MM 


MM 


MIL 


J 1 1 1 


MM 

























































































AV = 



Vout 
Vin 



l^jLxu 4_lUaJI "cj$\ JlL! (jyl^aJI 






j^jt R2 = 100KQ jRl = 10KQ i^tai ;u^o:l^> ijj L> o^,UJi J ,^ii ^4- >_Jll 9 
<5 Vin = 0.5 v jioJi j^ jL^= >M g>*JI <m^ j^jI ^j^ti m„a 



Vo = ( -10 ) * 0.5 = -5V ^j ,^Ji ^>ji j^vj 

loU ! aj^L-u^j T^iJIj (Ji-jJI (^jLil ^u jjlaJI aj^jIj ^jj^~ '" (jyJLlJLij 

jijvji R2 — 10KQ j Rl = 1KQ 4_ajLsii i^ ojL=i lii (Jh^Lcj-lLji j i^-a SjjIj 4- ^ 'Li* 



Av = 1+ R| = 1+ 10K =11 t> -^ B UJi^ -H ^ai s ^^Jl^iaj5U ( > : j»ji 

Rl IK 









uLJjj&ll 



( Summing Amplifier ) 

liljLil Cj^G ^'-'J-^ <j' (j^~i <IJ i Hj i uJ x_aLv j_L=jJL 4_j_<_uL_u2l 2j_il Jul Tc-tiajj ( V ~ Y ) (J^— i ("ill 



vn^VW 



V2 «-Wv — " 




^liJl jiSJl Oiii ( V - T ) j£*2l 



<UL>. i|_ M^-*3 • Jl>-1j ^^>* ^- «jL"4 (j^ 8 j"'^~if y-j-a-flsTu c-JLLa^s <j_j^aj jjLtx j! ^j-* jjj^s 2_ 

j_yi£, * Ah^.a £j.^3L«f £_ (J^CJjUSJjO (J^bj.^=LX4 (j^S J '*"""■! tiiLufc ^J^JZZXJ 7- j-uA.\ (_ylc ^"j LAJ) (Jj^ ( d*ill 

e Ji3«.j «§_ olji^— iXl £ys pj-il! I Jufc aJlscjuuUJ J^'j ^>^* ^r <^'jL"> * ' eJJb <J^3 *-a*£*u .iljJJ ^j_tu-U C,(, j,,mi>. 

. D/A converter ^jh[n j\ ^j &» Ji^ 6 ^ c «o<..tl j.»p)! Jal^ 
. VB = (jjf A ilaAill ju£. juj^JI (jjjL^uj B ilajLiU juuiji^^JJ tJjVl icLsJI (3^Luj 



n 



vi 



R2 R3 



Rl 
1 = 11+12 + 13 

VO = -R4( II +12 + 13 ) 



lil IX = :^liJl SjlcUJI JnWmj 
— ► ® jUj VO = - I R4 o» Uy 

(2) ibUll 4. (1) ibLdl (> D^d^Wi 



iJa^LsJI a JJt (j-a Jl^>JI (i ki^— i J-aLs-aj £jJ*]\ Jl^Jv (_lL-o>- 



v°=-*«(g + g + g) 
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c^U^ ^Ldl ^ Rl = R2 = R3 = R4 Ujlul 
VO = -(Vl+V2 + V3) — ► © 



. 4_JLji 3jLiL (j^-i tj (Ji-jJI -s^^- pjAjjta ^jLjij ^j-^-" Jl 4 j ?~ (. ■/ ^-^L*-^ 0-* 3 - ^ 
. 180° ojj^a ttjJkIIj JS-jJI (j^j j^Ia (3j^ ^>»-j <_ji*3 4_fljL-JI 5J^L«II 4. iJL-JI fijLiVl.Y 

R1=R2 = R3 = R4 = 33KQ 

33KS2 



V1 = 0.5V -AW 

33K&J 



« 2 i2 

vz = iv WvW — 

33K£i 
VS= 0.3V •^\/\/V-jJ 



v°=-*«(£ + g + g) 

Rl = R2 = R3 = R4 
VO = -(Vl+V2 + V3) 
VO = - ( 0.5 + 1 + 0.3 ) = -2V 
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Vtm = +3V o— 



2 
+2V o- 



- j m r - 



-mr- 



- j mr 



: < a- n )J^m5, *JtJi Ih'^ e*^' 

— WW 1 




(a- n>j^i 



^ 47£Q 



" ~ A ~ lOOA'Q ~ 



hHI 



R 3 10KD, 

F rar =-[0.213(3v) + Q.l{2v) + l(Sr)] 
F ra/ = -8.84V 
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( Experiment for Summing Amplifier) 







R1 
10KOhni 




^ V2 






R2 
1 0K Ohm 


S2 






jjLaJl jiIjsI! 6jjIjJI <#ii(t - T ) JUJI 
(j-o J)*"*"**'.^ i* a . J '^~' a Lr*^ 5 ^ ^J - ? 1 -^' oJJb ^- .(J^jJI 4_ojLLa (jyic 4_j_aJL>JI AjJuillJI 4_ajLLo 4_n.u_u ( _ y IaAja 

.( Function Generator ) 2jLi| jj^ / 

. ( Power Supplies ) ± 1 5 V DC j ,>-,,,,« j^ j jl^ ^ 

.( Op Amp ) 741 c^LUAJIj^ua V 

.22K& & 33K&&27K&& 10k& x 3 ^o^^Lic • 

. ( Oscilloscope ) cjijLiVi ^lj jL^ ^ 

. ( AVO ) o^lj^Vl JJulL* ^Li jL^v / 
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i^jLaujjpJIj lVppjj^ai j^jliS= lit (i - Y) J^i.^tl 4.^^11 yl^JI j, ^114. (> 

^ajvi ^5 . ( \ ) ^j Jjj^JI 4- i*^u]i «_k^"i J^ J^J *h^\ «...m^-. L>ia3 u^oJ . lKHz 

. ( \ ) jOj Jjj^JI 4. ist^^ll ^pUIl XW>j J}U <> Vout ( Vpp) £jJJ! j^ J^j 

( 1 ) ^J Jjj^jl 

Al = A2 = LL* 



Vout 


V2 


VI 


S2 


SI 










Open 


Open 




lVpp 





Closed 


Open 







lVpp 


Open 


Closed 




lVpp 


lVpp 


Closed 


Closed 



^IjJI J>U<> V2 j!Vl ^Js^Jl^j^ilj. ( i - Y) J^, ,t,tl 4. 4JUJL1 2^1 jJI J^j (Y 
4_ ^pLill L^j J}U <> Vout ( Vpp) ^jJ»JI J^ (j^S (*j . JjVl ZLlil] ^Lj^ll 

.( Y ) ^j JjJL>JI 
( 2 ) ^j JjJ^>JI 
Al = A2 = Uu,L3 



Vout 


V2 


VI 


S2 


SI 










Open 


Open 




lVpp 





Closed 


Open 







lVpp 


Open 


Closed 




lVpp 


lVpp 


Closed 


Closed 



J^jJI X&. 0^= I il ( S 1 - S2 ) (jrp.LLill J1A JJ^ g^l j^ ^ ( i - Y) J^,,t,tl 4. (T 

. 10KQ <> Vjb Rl = 22K£2 ^jLHi ;u^ j! uic 1 Vpp ^jL^ 

^jL^u ^jJkJI j^>. 

J^jJI J^jL^ Ij|( SI -S2 ) c^LLU! Jlc. j^ gjiJI jl^^CI- Y ) Jf^AJI2_(£ 
. 22KQ <> Vjb Rl = 33KQ L^mi ^ 0! UlcVl = V2 = 1 Vpp ^jL^ 
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^jL^u ^-jJkJI j^jv 

^^l.Rl = R2 = lOK&j RF = 27K& cO^lild- Y)J^ijl^(o 
.( v ) ^j jjjt^Ji 4- £-^>« J^-i (3^=^ 2>^' 



( 3 ) Jjj^ji 



2Vpp 


1.5 Vpp 


lVpp 


0.5 Vpp 


V2 jiVl 










Vout LuL^v 










Vout L^L* 



2_ iiiJLl j>_^>J1 ^ Vin oJi ^ ( o ) Ij2JJ\ 2_ ciLLa.II . t M,,^ ( I - Y) s^S! jJI J^j (1 
.( Vout ) £>J1 J^ ^L2JI j^l ^ ( S 1 & S2 ) (jrp.LLill jiA £* ( V ) ,*ij JjJ^JI 









uLJjj&ll 



Difference Amplifier 



Ijufcj . J^jJI 2_4= l^-^ LT^ijj^JI JJJ^"t 

^,,,1,1 i^JLuo ciljLS.Vljji^-1-tji^o^ f ^<^ ^^ Insturmentation Amplifier^LiJi 
tj^sjia L^J j^>Li^ ojuk iiLLaJl ^V_^taj . Transducers <_j zU^dl XSLUI c^V^s £>^» <>» ^L% 

4_wj=JI (_>uLjS i^\ . «L-ul_jJ2 (jj=l^j ^LlILj ' j7~^ I ' ^j.!."^""-" 1 ^ o\; ^ j."^~"* * ^JljcTh-uj <_£J I jj (j-JL-a 

. (jLjL-uHa V 2 Jl^>JIj VI Jl^>JI ^j-a (_^==J Ji-jJI C3 XajLLa jj^-n Rl = R2 OJL== lit : 4_tiu>-}Ld 



Rl 



V2 -AA/V 

R3 




( ^jLkSl ) ^'jaJl jil^l fliu ( ° - T ) t£^l 



: £>>JI J-fr>-3 -^^' 



R2_R4 
Rl Rl 



VO = ^|(Vl-V2) 
Rl 
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Comparator 

ttjJkJI 4- jj-^ ( ^A^Jj-^^Lj 3-iLc ) Ji- JlJI 2_>la dr>j ^pJ>a JSl <jl-2 tiiJ jjj ( 300 000 l5jL^ ^ ) 
. eJji (j^iil jl JljvIj jl JlL*j VCC ^ J2j ( Vsat ) Jl^v ijr ^\ 



£^ 




VOTlt 



(V1 > V2) 



-►V error 



<V1 < V2) 
-Vcc 



Vd (jjLSil Jio ij JL4>. 4- <1>^' U^ ^^L*-" cr*i UJ^' (J^ '^ cr^*^ 6 ( V ~ ^) J^" 1 Mill ?=-^=JJ 

: <G! ^lyi j>j Verror LLiJI o^^j ^ „ , „jU jT = VI - V2 

JljJlIc ^jjLSil fr-il*^ (_LVj-a ( VCl Jjj-aJI -*ti> J^ ) LLaiJl J^ jj^~- J V 1 > V.2 jj^~" ,' L«J^£. • ^ 

. +Vsat e-^>a Jl^jv u ts>V\ 

-cjJLuj Jl^jv ^ LaJa? jujilc (jjLSil ^j-ijj l_JLji Vd ijj-^' Jl 4^ (Jj)^""" 1 -' V 1 < Vz (jj)^->j Lsjiic .Y 

.Vsat 
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. tlaiJi j.4^ e^^uj Vd = VI - V2 jjiua ji.jji jl^k 
.( j-uinJ! ) ^>ji j^ Vsat = Vout =( VI - V2 ) Avol 



a jjij (jjLLci! Jl^>JI t 



Avol 



. Vsat _ Vsat 



Vd V1-V2 

it VSat x_lJu1!I £j->- •L&>- Lselila VZ J V 1 (Ji-jJI (_£Jl£Jv £ys (J=i (jrU 4JjLiLd J-4-*J (jjLSil-2 J^u-u L*-«J 

(jj^-~i"j VSat *_j_ifulll J^4^o (_y^-<-uj (_pJ'j ^>^' Jl 4?^ ^-*^ l? ' ^ li * 2 j V 1 tjrJ-J ijj-^' cr-^ 1 ^ J^-<^» 

. cJj3 (j^Jjl j! Juvlj jl JlS^j VCC cj^mill 4J jiil]l Ji^ <>o Ji! fi^Lc 

ji 4^3-« L-kjuaJ j«u^23j *j '» LaaJI (JliljLii^lJ 2jj jjl ' a ■" I ■ i -— ■ Lg-La jJ= j-j 4_aJCitQ '"" *.;. "' '** 'J * 3-" 

j^jii j^jv jj^ d^p. <_^ jgV / <_^s>j>i l-l^l^j ^=jj ( a - y) j'gn.i.tij go - no go detection 
^jJii j^ ^ Vin ji.jji ju^ Ujjii Mi*i ^^=1*11 ji.jji ^k. ( Vref ) reference voltage 

^ ji.jji jl^. J2. Ujl^i .(jM^ntij ( Vo = + Vsat ) u^^L! ^,,v,ti jl ^iJi j^ c_^ju Vref 
. ( Vo = - Vsat ) <_jLcoji ^,,y,ti J| g>ij| <_^> jlj ^.jl\ j^jv 



Vrei ^ 




*£*>U 






f^-^j' ! t_Lv^a r>>Jt j^ ~"^j Vref (j^. Vin ju^ Lojiic. j^xAii i jl& 2_j vref = v 

j_^jli ^^^j l-JUu £^1 j^ ^,,^j Vref ^ Vin cJi lijj (J ,^^Vi ( LED ) ^>^J! j_iJL! 

. j^Vl ( LED ) ^j^iJi 
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J\ iiJiiil 4^J-U Jjj^xj *uj ^-^PV A-ua^ill Jj^— -■" I§_ til!JL== ^jjLSil (j^J a \l A" ,„VI ^ 
(>l^jJI jr^ UjL2j l£Jl!I • ( J^>J! (^f ) 4 i>>i'A\ pLaJjl 2_ til! ^^-i-fclb 1 JlAj CjLlUjlJI j .i^—i a ^J^ju .Y 

. 7 r _ t . r e.i- a (j i{^— i tjlj < j _i ^—i tyl! <__JL_ijl jl_u__jI J I <___ju __j^_ 

x^vlj tilljij L__L__1 *_u_l!1 ^ fju 3j_J_1 r>^ jt __.>~>_t J^-i Mill I§_ 4___3jl1 3j_1 jjl J}L>- (j-d 
(j^jj 4_ l . i - l> JI 4_«*jl1 >&J l> m~=i[jl}\ jjlL Ji*J_1j ( 5 V ) (Jii^-iLaJI Ji-jJI £%-> dj^i <-9j-<- UjL-1' U^ (Ji 
C_!j_ 4_..u.qJ>- I *_a j_L__!l (JjLSj __j_a (jjLSil ^jL- ^LlJLj j_L__!l ^j^J I Jljj LlxjjsJI <— j-jll _J Jaj^^lil 
(_<J__JI *_„T_l?I Jl ~j_»_l (__fc ju __j_a I jj ( j___3_l!I (Ji-jJI (jyic <j— &J j_L__ii C_!^_ 4_i.u.cJ><i I » jJaJI JJ 

j4-=! (4_t.u-->JI i^jil )(j-u^jL«JI jj^ J^jJI ■>;■-- j CT 2». t__L__1 *___l!1 <___! r>>-1 j-^-"j (+15V) _$_sj 
c-^U *___lU ( 2jLiVI) 2j_l jJI £jJ>. J^stb ___j_^ ^tJLj ( 5V ) <_>.--- b_l <J»*j_I <>a 

. lJ_=__j(+15V) 




LED j__i] LED j_»l 

^ijjoJl A±_jS J£fV ^%J— Oiii ( ^ _ ^ ) J——-" 
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Vp 



uLUall j£a ^iJL^IiuUjLJJI ^wSjito 



.JLslS ^J-a ( ^ ',-Vi ajJLa «J-j'-i * ~ Y) J^-i Mill jflt^J 




AAA 



jLfci A^^ja (_i«ai ajia (^ili ( ^ ♦ - T ) Jl^l 

Oil 4_Lt.iJjj Jl JjjIjJI i_Jl2jj 4_lvj^s ^-j^>JI fijLil ^jj^~ '" ' A j->-j " (Ji-jJI fijLil ;jj^~ '" LaJ-Ltb 

jijjIjJI tt-lqj (_£? ) Oil 4Tll«.iJjj J I .sjjIjlII v-IlSjj LJL-u r>j^l jj'^.' ^\-^ J^JJ' *j* 'M JJ'^"' La-J^icj 

. LujJij 4_LjL=j 4j>*3-« l— d-uaj cjLil j_ii (^L^jJI 7^i»iJI ^jT j i , „ A" jjfc | Juij 
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4,^ L ^ tA j ^2a 3jj|^ 

( Half- Wave Rectification Circuit ) 

. ( 74 1 ) <JLsLJUaJ1 jpa 4t-,,nl^j 4_^jl! <_Li^iJ Jl^JJ jjfc 



. ( Function Generator ) oljLil jJ^ ^ 

. ( 10k& x2 - lkQ ) olj < ^ ^UjLia V 

.IN914 jl IN4148^ S 

. 741 ^Uu^j^z^ • 

. 0.47ufx2«j^^ V 

. ( AVO ) ^ij^Vi ^juti^ ^LS jL^v V 

. ( Oscilloscope ) 2jLiVi ^Ij jL^. ^ 




( \ - r ) js^i 









uLJjj&! 



. <_Jjl_3el]l <JV^J (j j]l£. ( \ ~ X ) J"""! M'tL ?=_tJ3J^3 J-& I o^—i 2jjl jJI (J-L<3J * 

L)(^ *_tijj ^ylc y-lTLfl.ll i La » i a Jl*_> (10K.M) (_Li^»JI 4_ojLLa ^le, A Zllflll BjLiVl fU-ulj (J-L^J ^ 

.fujjjj 

. z^i jji ^ j^.t, ^s>U . ( 2Vpp ) ^ jl^j ( 100Hz ) ^j3 ^ luL jujJI jj^ 0J5 V 

. BjLi^L! 1 (j^j-J'j Vr Jl^>JI 4-a-l2 Jl>-j1 j«u .7rj^>JI BjLil J^~ ■ "■ r«-<-"ji * 

Vp = 

T = 

. y-j^>JI fijLil J^— ■ ui A-ujj\ <3 ( JijjI jJI ) JlvjJLI i_aljJol ^j ••^-— < <~ I ▼ 

.^tjit-itl 4-t.L^jJ Jl^jII BjiLcl Jl*j Ja^JI 4_ajL2*j (^jljTJI (_,!£. ( 100]iF ) 4-aj2j cJiTl=^3 J-^j ^ 

. ij^\ jJI ^ J^n.t, ^iU . ( 2Vpp ) £j± Jl^vj ( 100Hz ) ^j3 ^ luL JlOJI JlI^ oJi / 

S 3jLi>U cjJl». liLa . 3jLiVl J-^> *■ *-<-ujt ^ 

CjJl*. I jLo l-iTlsIj ^>^-" *jL-"4 J^"" 1 lii r<u-ujl rfU ( ^"^-itlj ( JijjI jJI ) Jl^-jJ.1 i_aljia! (jn^-ir I ▼ 



*1' 
X = 



ii&> u5^ £-»*■" ^jllil 



















































































1 1 1 1 


MM 


1 II 1 


II 1 1 


1 11 r 


1111 


II II 


II II 


MM 


II 1 1 


1 II 1 


MM 


1 II 1 


MM 


MIL 


JIM 


MM 




1 II 1 


II II 
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Yi = - 

Y 2 = 

X= 

a^jjdl 



Yi = 

Y : = 

X = 



















































































nil 


MM 


MM 


MM 


MIT 


MM 


II II 


II II 


II II 


II 1 1 


ml 


MM 


MM 


MM 


MIL 


JIM 


Mil 










































































































































































MM 


MM 


MM 


II 1 1 


II 1 F 


1 Ml 


II II 


II If 


1 1 II 


II 1 1 


MM 


MM 


Mil 


MM 


MIL 


JIM 


1 M 1 
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Yi = - 

Y 2 = 

X= . 



















































































1 1 1 1 


MM 


1 Ml 


MM 


MIT 


i j j j 


MM 


II II 


MM 


MM 


II II 


Mil 


1 1 1 1 


1 1 1 1 


1 III ii ii 


M ii 
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Square Wave Genrator tfojj^fo^dJj* 



Schmitt Trigger: 



olJa 



. hysteresis ^miitUL ^ „ , ,,j u ^j^ SjjI jJIj < ( 



J Lr^J-J'J ,* ta^JI (j\j (Jj^rejJI 



^Aj Cu*i £>M 



..coLs j-^jj (l -Y -T) J^Milla iLfiJjJ o^LJjj J'^'°il ( V— V) J^-. <SJtj 



. — Vsat c_jl^ jt +Vsat ^^>a L»i Ja^a 0^=^ ^j-^ 1 u' j-<^Ijj 'jrj^b J^^ 1 us> £a>L*Ji 

£ys J^selll 4- JJ^' ^H^ L*^^- ^JuJ Cr^'i UTP ( (£$1x11 £-Jl2J1 4,U?n ) ^^ixll Jajjrtmll Jl£». . ) 

. -Vsat c_JLcaJi ^,,v,ti j^ j\ +Vsat v^jii ^,,y,ti j^ 
. +Vsat ^^>ii ^j.v.ti j^v ji -Vsat <_jlji ^,,y,ti j^- 













+VCC 






-Vcc 







UTP " 

input/ 
LTF - 



L5P UTP 

(u-Y-Tr) (i-t-y) 

( t - r ) jiJJi 

: ^frl jjil; ( c_> - Y - Y) J^lAJI 2_ 

Jl£>. £ys JSl Vni Ji* jJI Jl^ (jt ULLa +Vsat «-uil]l Jl^jv ^jL-ujj C^jIjj c-lvjjo r>>Ji 03==^ ■ ^ 

. UTP ^^LlJ! cL^ji ( ika: ) 

(jj^-ijj L_JL-a]l » ,i Milt I Jl$j>- J I Trj-J*-!' (J^tcjj i_£^l*JI iLajIif ntl Jl^jv £y£. Vlll (Ji-jJI Jl$j>- .ilj lil .Y 

. -Vsat i^jL^j ^jJkJI Jl^jv 
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lLj2^JI ( 3 La aj ) Jl^jv (j^j j_l=,I Vlll (jL= ULia — VSdt i^jL-ujj c-JL-u £>iJI Jl^jv Jliu .V 

. LTP C7 LL^JI 

»-jil *_j-<il!1 Jl^jv J! rj^JI Jl^v J^tJJ LIP ^ LL - g JI iL>j)<?im1I Jl^jv (jx. Ji-jJI Jl^v Jja lil .1 

. ij^frj+Vsat 



.SJmia Cc L a- J . 7-.sLJ2 



^gjLi-uj ?:jJtl! x_uilJI Jl^jv jj^-'j^ ( I - T — T) J^~- /:.tl £_ L^=s RZ j Rl (j^-^jL^j Or . AJVLP 

.( ±Vsat = ±Vcc) ^ijt.t.-tlji^-ioit 3j^,m,i,i SjjLin]| j^ L^ 

^i»JI J^tcjj LaAJlIc. (jP-UIj (j^-^^-*-^' (LIP) ( _yia-<-iJtj ( U 1 P ) ^^i»JI t-Jla]I (_yla2J (j-^}-*-^ <j ^~> <ng 
: ^L^ -VCC eJLJI ^.Vill Jl +VCC u^^L! ^,,V,tl ;> 
^jLxu Ji-jJI Jl^v (^^LlJI 7-Jl1!I Siaiu JlIc 



V1 = UTP= , R ^ Vcc 



V2 = LTP: 



R1 + R2 

-R2 
R1 + R2 



Vcc 



^gjL-uj (Ji-jJI J^ ^yla-uJI 7-JiiJI SJaJu J-Lc 




+ 5V 
+1V 



Basic Symmetrical Schmitt Trigger -iov 

( I - Y - Y ) 

( Y - Y ) Ji^l 



(u - r - r ) 






♦ ( 3b)j4 ) 3*J>« fc'jrf JLJ>J 

Joj_iluj Ci_La.iu ?oLJ2 (Jj-i-uTl! 4_u-ul_L« 4_j_ujv 4JVJ-4 a I JlJcTli-u I jJb 4JJJ-S 4jljj_o 4p~J-« JljJjjJ JjjJaJI (_£JlvI 

L_JL-a]l 2jjjJI Jl^J ^^^IsJI iLaj^nill Jl£J>- ^j-a j_p=l 4-Laa^JI 4jvjjii! L_xJvjJLI fijjjJI Jl^Jv (Jj)^~m ,jl 

. ( <_! — V — V) J^-i mi! I I§_ La=3 . (_ylfl.mil ilajrt rut! J^jv _j_a j_p=l 

roLi= (J-«-*j (_£ jjl __yljji-ml!l j 1^-1 1,1 <Jio cr^ 1 ^ ' L^i'-"^ *JJ-^ ^^^^ V ^4^ ^"3-° (3.1. " ' Jl -<-*^ 

. _> >L£= u^ o:l^= iiij( i-r-r)j^,Miica^ 
R2 =2K& - Rl = 18K£ - Vcc =±10V 
^JJ! J^^i uj^iJ V2 = -1V( LTP ) CT ii^Jl i < VI = 1 V (UTP ) .^kii ^^Jl jUa 

(UTP)V1 = 1V<VS<V2 = -1V(LTP) Ui^-Vcc^jL*,^! j*^ .1 
V2 = -VKVS<V1 = 1V UjL^+Vcc^jUug^ijL^ .Y 

L7 LLjJi .Uj^...ti jl^jvj VI ^_ai«Jl .Uj^...ti jl^>. jjl^o (jjJl (_,_& Vcc j R2 j Rl ^ J^ <^ 

. Symmetrical JisUiii m^ 3 cu^Jl ^oUi V2 



.( P<1 d^ ) VI = V2 = _ R2 01 Vcc = PVcc 
Kz + Kl 

J*~l Mill <AJj_a ^J^ <>jL-"4 ^-^ I-'MOmi ?oLJ2 (jyic (3 .' ^~>" V2 J V 1 £ya j_p=l ">JJ^ ^JJ-^ *J^-"I l£' ^Y 

j <J£ ^ SjLttj jj jj "tyj* &uy "&$* Ad£ ( t 

(JJJlj 4JJJ-S 4-^J-* 3 ^J-* 3 ^4-1$-^ <~'.j«* ?~^1 ^^~i (J-«-*J (,£Jlllj (_>b* mm II ji^ 1,1 al Jiielu-ul (j^-i <ij 

___yuJ=iL*JI j-tC (_>^ JlJIj t^JkJI ^j-u Kj 4_ojLLa (J-Li^o^b til! jij Ci_La.m <_i juj-^j ( ___ H q-mJ JljJ-Lcj (_>^0 fijLil 

i-jj-ajj (jrtAJ istZuj ( I - 1 - V) J^-i Mitl I2_ I o^-i (Jh^LaJI j-i£. (Ji-jJIj __yjii»jVI (j\i O ( r?""--! aj 

'2— 1 o^—i j Llr j U 1 r (j-V ixt-ul 'J^^ 3 ^- (J"^~>Ljl!I (Ji-jJI Jilc Jij-yj iJl 4?^' Pf^J-i ^ ' ^"^~ 1 ^ 

4- U^a —VCC j +VCC i^jL-uj Jl^ Lp] 4juj-o ^>->o ^J^' -J 1 ^^ 03^=419 (h- 1 " ^ - Y) J-^i M<tl 

. ( ^ - 1 - T) J^ At! 
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\7\ 



<^-<-f) 





I vw — 

R1 


Vont 


» 


/" 








- c 


r '- « 




s<\ 




-Vcc 


i'" 

R2> 

*.7k? IB 




: 




^ 


' v 


- 







4.7k ^ 



(i-t-Y-) 



( t - r ) Jl^i 

Jl^vj (^ 4-*^ J -tv-3 4-*^ J VCC (j-o (_)^= f^r}^ **-*i>^J <Lu-uVI 4jv^aU (_£jjjJI (j-aj-II JjLTtlbj 

.( R2 -Rl <> J^= '^^ l^O LTP C7 ii^Ji i UTP^^UJi ^^ji 



T=2.2*C*R3 i .T^ jF = I H z 



4 R3 = Rl = R2 Uai^ 



Triangular Wave : ^fo^b^d)^ 

.CjjLj jLpJ v> ' ^"^— 1 1 1 (j^cilu (jjj^-La (j-C- tliJ^J 4HLu5 ^-^a Lr^ 1 J J "** ** ^ ' O^"" 1 1 'J? 
(J^JU ti-^p- <LLLi_4 ^p-J-a (jjJ-C- ^J J ' a "*• U (jyJUi-iluItJ I j_l=x1I a I JlJcTu-uI 4_jjLt=3 ^cjiajj ( — V) J^~ ' ifuJlj 

.( Integrator ) J^L^=^ La 

c 

— 1( — 



■ ^J~U~L 




( a - r ) J^ai 
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3 cjLil T^iJI ^_ 



uj4 C JL5 



J*LSU 



OSCILLATOR 



f TRIGGER f 



INTEGRATOR 








1 



SjJjUj 4&jj4j *^-*±?- *^^* ^J*' ^5jAJuJI L fc j— JJ 

( n - r ) j£^i 
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( Tringular and Square Wave Generator ) 



il_> tiUij (J^-i «jL-"4 03^i 4-<£<-a <^j-« ^4-I_>^ 4_JL«jl!I Ijj>\ jJI *-_cajj ( V — T) J-^— ifajl 
j_i^— 1 1,1 (J-<J-*J ^^P' AjJila <^"J-a (jyic- J J ' <a a= i t ^Ijt mi" 1 1 j i ^-i 1, 1 a I Jiielu.ul 4jftJ^~i tc-Jsjj ( V — T) J^~> iSJIj 

.( Integrator ) J^L^* Lla 

(jylc -S^vj-U jji iJjLSil ^ jTn - u -a jl <JjLSil Jl£J>- (jl i«i^>«J <— 4 -a-t-~u tjjLiLcJ=i (J-«-*J 1(^Z (jyJLUI j^=xilj 

. (jLLojLSJLl a La i uljj i La "^ II (jj=x^j t^p* • 7rj^>JI 



P1=P4 = 10K 
P2 = P3 = 100K 







EjL^I jJ^ 6jjU t^iu ( V - f ) J£JJI 
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■ ( +15V DC) jh'mH Jl^ BjJlS jjn^a V^ 

(lOKQj 100KQ) ;u^l Xj^ti^ ^UjLs^lOkQ - lkffi-^13 ^UjLl*) cilj < ^» ^UjLl* ^ 

.741 QfLai jjLcciLi^f j !*=-!« S 

.O.llif .*V=-« V 

. ( AVO ) o^lj^Vl JJulL* ^Lji jL^v / 

. ( Oscilloscope ) zjLi)M <*_Jj jL^. ^ 



4-^LliJI J^-^i ( IC1 — IC2 ) L^LiajJIja^aua i_aljJot (j^st^l Jl^>JI <j-uL}^ jU*- f ^ ^Jdmb © 

. ( 1 ) fkij JjJ^JI 

(jT ic T^iJI cjLil i La jj ia J jaJ2 aj A BLLSJI (jylc (jyjLjj^J^xJI j«_<j<IjJI a I Jl3c!L-uLj -ry>S\ 4_jjJ^2 (jlaj^ll v2/ 

.( P3 3 P2 ) jii^jUii J}U ^ LdJjj lOVpp j^j 500Hz ej \ j^ ^ 

: 4_JLl!l oLtuLxflJl J^jt (<u ?rj^>JI «jl-"4 t^-^j' © 
Vpp = 



.jjj_a aj^M jL^j- 4 t-i > nljj oJu*. (jyic- 4-ajLiLa 

P2 = a 



P3 = 



^ 



£jJkJ1 JJ>j ^^ajvl ^LUI ^jjLSII J>U. j>a 



R1 + P4 



4(P2 + R2)RC 
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( \ ) p£j JjJ^ 



( ^LLulJI j^ua J^jl ) 741 ^LlUaJI j^=^ u>\jL\ 


IC1 


1 


2 


3 


4 


5 


6 


7 


8 


















IC2 


1 


2 


3 


4 


5 


6 


7 


8 




















































Yj = 


























Yi = 


























X-...., 




























Vout 


MM 


MM 


MM 


MM 


MM 


11 1 1 


II II 


II II 


MM 


MM 




MM 


MM 


MM 


MM 


Mil 


J J 1 1 
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Yi = 

Y 2 = 

X = 



















































































II 1 1 


MM 


1 1 1 1 


II 1 1 


1 II r 




II II 


II II 


1 II 1 


MM 


1 1 II 


MM 


1 1 1 1 


1 1 1 1 


1 III ii ii 


II II 


Mil 


1 II 1 


1 II 1 
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Active Filters 






: wjiU UjJ>£) Utt^ uL^jii £l^j| 



.4_l!L*J1 <Jliljl^p]l J-U-JJ 4 LkAJeiXI Cjl^JpJI J>^ k. 



.LPF L 



i -i-ij-i j'j-*' j-^j- • 



. 4 L^aJeJLtl CjI^^IJI *_Ujj j_cj <jf 4_JL»JI CjljJpU 7=-<s-<-uJ HPF ^Lc .SJ>j3 j'j-*' ?=-"J- a -^ 
*_L$jj j-cli (jl CjI^^IJI £ya (yuua (jl t-i it 7=-<s-<-uJ t^p- -LJ-Tr <JLsl.S.Sp]l £ys £j\juj (jLLaJ j'j-a' ?=_<ij-a .V 




Low - pass response 

( h - r ) j£*ai 
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high - pass response 



V 


Ji 
n 














, 


i 


Dowin 3 dB 
\ 










. DowinJrtB 


D.7D7 




\ 


1 
1 
1 
1 






1 
1 
1 
1 










fc 


Band 


■ pass response 


fc 





LiLajlJLa ) 4JLs__ j_i£. j___L_cj ( ^Ll-,-_1I I j i ^—\ t, I ) (JLslS j______ .-JlJc-L-uj ?=__uj_3 j__ : JL*__JI 7c_.ijJ.lj 

.( -Ill a___3 *j 
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t LPFji«tU^jjJLafljl>«l5tt>« - I 



fc = 



1 

2ttR2C 



^AAn 



./ 



rA/W 



[ 1* -r ]J1aJI 




Xc = 



1 



27T/C 

-R2 






Rl 



1_£jL-uj Jl^jv t . . ..^—, 4J ^j „^^l c j <*-—* " «LJLj= (jt JLlLiIuI1JI j '^— 1 1 1 (J^ju^ .4j>.^LLa 



Jl£>. ■>_. .^jQi £ I jj>. 4_l!|_*J| L^b^jaJI Jiic Ij-i-ua Te-J-^aJ <_,!». Jl^JI C-. ^^ J2u£ ( ShOlt) 
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c 

— II — 



lVA- 



P 




r.'.'- 



^WV 



P 




(j*aaaiail jjJjJI ti& 



R1 



VO^ -^— Vi = 
R2 



: Active High Pass Fillter ^U^PjIj^lJUa^j* - c 

. ^UJI j.sp]l jlj^V ,U,„it,l JUAJI j^jJLI £_J=^ ( > - i ) J^,t,tl 



HWVn 



^MMr 




HPF ( J 3 ) iujj ) 

( 1 - £ ) JS^JI 
ja Avjj^.^a AV= 



R2 



R1+ T^jsijlji- • ^^Ci^-~ ^^ 

M^ntl -iJLS^bj ( ShOlt ) liiLo. <&U= <_d^m J-l^u ( FC £y» j-^=l ) ^JLaJI Clbjpll JLifi (Y 



3 ^J^' U3^«i Av = 



ij Rl j R2 ^ ii>UJL 



Fc = 



~ p R , £a}L*JL> 4_ajLSilj (Ju^adl <j-a J= jJaS JOj3 -iJ^seij (T 









uLJjj&ll 



t Active Band Pass Filter <^w^>33LL}j!>«l JLaajSj* - 5, 




^t^ jIjj) ^-uijj (jiiijj jjjji ^uiijjj 

( Y - * ) JS*^I 




Fo.H 



: cjub-j* SjJJJI 6 JL&i j».L^uaJ 



. (JLfti (jjLLaJ j'j-* 3 ' ^-"J-* 3 'J-*'-^ C3 - * Ly*** l '' v -J-*' (jAJUk (J- LI ^ S ^J 4_3e_JJj (jj^~ uj 
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( Experiment for high - pass amplifier ) 




( T - i ) Jl^l 



jjfc La (. i „a (10H Jl 15kHz ) ( j_a ?Juj JsJijJ CjIJ ^-L.i-t.-v ^3->o ^yic oLJljJlJI jJj-o Ja-u^u *i 
^Lj^^lII ^u-uljJI ( _ y i£. Lgjis^c. <J}L>. (j-a ( 5 Vp.p ) ojl J^s J-4^J ( ^ ^J ) JjJjJt 4- J-^J-a 

. Vin -ej$\ jJI j»i jJ c^LJLijJl jJ^o ^ J^,j (Y 

. ^jllill Jo^— ■ 1 fU JjJl^JI 2_ Ly IaAja j_&Lj (-...■■a.-*. -i-ij^Jt ^^jj^ (*^ ( ^ 



AV = ^y^ t AV U^ Jl^jI t 

Vi ~ 



. ( _ y L a ^-n JI »UMI -i-ij-3 (j,j-*j -t 1 o (jL> La L i (JjJl^JI (jjo ( _ r i*JLtl f«u-uj-i ^Ja ("I 
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( \) ^j JjJu>JI 



Vi 
f/Hz 


10 


50 


100 


200 


400 


600 


800 


Ik 


2k 


3k 


4k 


6k 


8k 


10k 


12k 


Vo(p.p) 
































Av 

































[OdtoM 
( -3dl))0. 707 
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jriKi* WjJ JLtf jl>*l Jw>* SjJb 
Experiment for Low - pass amplifier 



Jl z^UI 




R1-10K Hi-10K 



( £ - £ ) JUJI 

£-J=jll (10Hz Jl^kHz)^ ^IJljj ^j3^jli ^p- i^^a (^ ^jL> ju JJI jJ^a lL-l^ ^a 
JL^=LlU ^Lj^^ill ^u-uljJI ^£. Lfr^j^- JM^ o-a (5Vp.p) 2jl Jtia J^J ( ^ ) ^j JjJ^JI 4- 

. Vin Zj^UI Ji.U oL.JL.JJ! jlV^ J^>j(Y 

JjJl^JI 4_*-jlluJ1 J^e-<-u rfU V OUt ^>>JI Jl^ J^jvjl ^Lj^^xJI j«U-uljJI 4 t-iml^J (V 

. ^jLliJI J-*=3l (<u JjJl^JI I§_ Lr lajt J a j_&Lj i-llm.->. -i-SpJI ^Wj-^ (*^ ( ^ 

u^JI j^La JMi. (>o (o 



Vo 

Av = ^ i Av l^ ju>.ji , 



. i^^IaJI *Ja^J1 joj3 ^,1*3 FSH jL Uic JjJl^JI ^ 

( \ ) ^3j JjJu^JI 



rfU-uj.-> AJ2 (~l 



Vi 
f/Hz 


10 


50 


100 


200 


400 


600 


800 


Ik 


2k 


3k 


4k 


6k 


8k 


10k 


12k 


Vo(p.p) 
































Av 
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[Odb)1" 
l-3dto)0.707 
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. j-lljcI i (j^ i _ ^"i ^''-^"j ^y* "'"^ 



J-c_- **.$_ : 2jIj_>JI 







------ / VJ^ f&J 

- - - - - / JL«>l__l 

'/■ A* <-JjJ-il 4-^jJ- ^-J--"! J_»_l 5la__ YO _j fi-ub Jlu J_= 
H" ^JiJ-Jll ^O-- Cr-^' -J-*^' _____ / ejjjGj.1 4_j.j_ 


J-UU! 


a-u_u]| Jlu 




.i-ajjJI Ji-I- ia>__JI __Uj1aj JU-t^- (jfcjJ-J ^ 




■ ji^olt^--|jJI __U3___II <_.jjl™ V^ 




. )-t— —Sutl / Lc ' ** * \ * I k»**' J 1 / j 1 ** 4______ 4_5 )Jfc rt ' 




.ja£__X! a! Jls_1_jL ^j^_uJ! <Li_j__3 <LSjj_3» 




. ejL-VI JlJjj _Lj-t_=_il aI J_*1_jI <J-4-= A-JjJ-a^ 




. oLa__LijJU _Ljo__iXI a|Jls_x_uI 4_l_a_=j 4_>jjus» 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 

gaLUl jJjJaJj (^uiaU "*uLaJl ij\tf\ 



■ 



Xtijj&f t 3>{?ij jitjj 



SjufuV! <— iljuj.4 




n 






. ( RC < Hartley - ^jU < LC ) ^ 3 ^^>Ji cjLjuJdi ^1 ^jj^ S 



SjLwtf I ulJkJ>t 
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:3jaJi2XI 

j| jLiTolU (jjai j? iHJila j| <ajj-<j jl ^hhR- ^'jL"4 ' J 4-^ iJ ! ^Ll=*<J <Lu£p^=JV/l (Jill (7jj!^i"tl ^j^s j_p=3 I§_ 

Jj-^— <J «G^ < 4JU»JI o JUk 2_ A^j-lv 4_Lg-&? ill! j 4_lj_ij>JI (JliLvjJLl (j^l LuLag-U-a (JljJiV, tiJUi *_«j . (jr j_L>Jl 
— 1) tj^l^-i iSJtj CjLvjII (j^Jj-LiS .SJlC £ys 4_L==j_a < Jl*j Lc^3 ijj-^-" La== ^hhH?^' J^- *-— * L=*^_9-t 1 jL-p^-' 

( jLi. 



I (j^ji < 4jJiii,l < 4jujJ,I < 4_u_l>J I ) (j^Aj 4_lvjJLI (jl ^— i ~.vi jj^j icj^jjta ^jL^ciiajj ^ "I — £ ) J ( 

■ CjV/I irViVlj i 4_jJ_j^l=xJVl (Jill ?jit-i"itl 4- L^-al Jtiel<-ul j'i^j 4_p*jll JL=xuiVl <jl AgLtll ^j-aj 



.Vp 



V 



Vp 



^r 



Vp 



Ktf 



,Vp 



/ 



H 



^jiL(360° Ji 180°) j>j ^jii ^vjii 



( » - i ) js^ai 

1.(180° jiO )^ j^>ji J _ju Cr ^ 




Z-ero to zero 






.4_j^L^4=iJI BjLiVl L4JI J-uaj (jl 0-=^ 4_JL^ 4_a_jS JSl j^j : ( Vmill ) ^jJLfaaJI ^a-uill 
.( Vp.p = 2Vp ) Ur J^JtJ\ <AJuai\ <-aiu± ^3 : ( Vp.p ) w ^ L7 a^m1\ <+j2}\ JLuIj^ 



Vrms = — (J-uLlSJI jL^>- 4 La ■ uljj 3j_<luLu5 ' j "■' l3 ,j^~ ' 1 ' (jjJ-J' <_y*J ' > VriTlS ) 4Jui all ■* -: LflJI 4^uJ^2 

^ " • / " - - 

(j-a 4_LjL=3 cjjj aLcjV fj^UI (j-ajJLi <-3>»3 ( T) j-oj-!Li LpJ j-«J^ cr^'i (AjJbJil «p3 ) (^JjjJI o-«jJI jl 

^jJI o- ^ 6 ^=» <i Ji 4_jJLiII ol <?<*! i^a jt ( S ) <jJLi!L> i^d! (^jjjJI o^j-II o- '-^ • ( 3(30 J I ) 
. j-*j (jy l<^.tJI ^jjjLSJI (jj^Iaj ,j^~ 1 < ' cjLiVI f«-<-ulj (j-« ^jjjJI (j-ajJI >— iLi.u->Jj 

T= (j^ojJI 7-Llla X S Jl=^1jJI cjLi>U 4_ii2VI CIiLajjJLI JJlc 

:3>U«)tf wjUl uLu^ 4a<uS 
F = ■=- (^LiJI j^JLSJI Siau-ut^j 2jLi>U JJpil uLul-v 0-==^ 

iajJL^J Jj ^—> <Jg HZ 4J j_dj_^j j3^_iJ I «GJlvjj r j_«jJL 4J j_dj_^j .4_ulii]l 2_ (JliljjjJI JJlC j_& ^^iJlj 

F = -FpHz . j^JLSJI {ja -J-ijailj (j-ajJI l£J AJ3>LlH 

4a*Jk £±u jjp LpJ J3^=a( 2x 10~*s ) 2jLlS L^iaj jixi^lJI ^jll :JH« 



_i = n Svin-6 



2x10 



-6 



0.5 x 10"° Hz = 500000 Hz = 500 KHz 



Vp.p = jl^i ^LlLo ^_ ( Vmax - Vmin) ^uii J! UiJi <> 2jLi>u Sjj^^ii cubujii 
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( Sinosiodal Oscillators ) 

4 tj ir) 'L J^jj-J ^icjia^j (j^3 3jLc lJsjLIu <_pJ'j <_i JuJJlLj 4_j_ujv BjLil Jljj^jj (*J-Sj <_jjJ' 2j_iI Jul (jr cJij 

JlIc ^Iuj iaLisl jl *-*>■ (3^"*' "'J ^tP^ 4^^ (j,I| fQ-Jf ' ^> 1 1 ^>^" AjJJu J-Lc . ( V — 1) J*~i Mitl 2_ 4-Lu.U 

J} Power Supply sjjjlii jj^a ^ ( d.c ) joi^tl i^ jjuJi 4_pj^2 jjjjll> ^^Sj ^-p- v ^ J -° s-^Ie? 

.(jjojJI x_a ( clC ) <Jj_JlL« 4JJJ-S fijLil 
+VCC 




( V - t ) JUII 
<— iLi Ju J-« (j-a LiJuJjj > j' : — ■ 1 «a ) ^j_ajJI x_a iaj-ULLa ?T>i- (JLiljLil (Jl ^— i lIiI (jyic ^J J uaj>J I (JL^TlvI dJLijij 
^jiL ^a^Lc Cil J 4juj.II 4jvjJLI j_|1»j .CjLvjII ^j_4 Jl^-i miV ( A — 1) J^-i Mill 2_ (j-i-uJ jji Lc=3 mJjjM 
^JLc C^mJb iLijj^JI tljL^jil £yi J^-i Mill £_ 4_Llj!1 CjL^jII 4^1=3 Jj^-| mi" q £=3 <IJ ^_2 l_§J I 2_ .^LijjjsJI 

.4_u_uLj2/5 (Jill jjj3j 









uLJjj&ll 




AjM^l/lt ,' 



11 



( ft -i ) JSJUI 



: uIj ill AltoljJ ^Lux? 2bj* JUJjJ iuiiS 
juma jj j-o fijL^i uj^ ( AC-Sginal ) jj>Lo ^-jj*. «jL<M ^^ ^^""^H ^j-^-* .>* sr 1 '-^'-^' 

. 4_jjvjL»- ^i-1 ">jL"4 4>*-J UJ^ ^>^ *jL-"! 



Theory of Sinusaidal oscillation : 'iu-uaJiubluia! J*6AjjiaJ 

. aC 4ILL3 Jl dC £aLL= J^»o j_& LlJlj (AJaLla jJ$j V <_jJliJlL1 j? .a3.Lt.tl (jjaj <<jLu^Lia j^iaJlj 4_2Jb»J1 

jl»^3 cu^»o j^jJI j\ «G^Liij £>^ji o-a ^j^ jlU ^ Feedback ^o^uJl ^jjtiJi j? ^^mi <>oj 
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Feedback t^xuSaiQ^ 

ZjumLJ$\ J^JlJI x_a AjlvIjJI cjLiVl ( a • a " ) Jlscjj tt*o^J J^Jl!I J I «G^Lc|j £>iJ' (><s *j-»- JlM <_,-& 



Negative Feedback LJL Xuo&c ajojj ( \ 

.J^jJIj iuvljJI fijLiVl ££u 180 i^jLxlj j_>^J' 4-<Jb^ ^3d i£\ J*"^' «j^ii ^-*-^'j-" 



Positive Feedback ^^lUallK&lKr 

(>» J^> ja2 i^f ( inphaase ) J^jJI SjLil ^ j^kil <_>^ 2_ gj.M^ttl o^l uj^" ^±^p. 
. LdJJ ^^ ( <\ - i) J^lAJIj ^yi 2_ ^IjJI SjLiVI J^jJI 2jLi! 





:wv 



/ 



\ 



WW 



J-dL*-a 15 jj_L=xil (_> ut^a A i^p» <4_u>*jll 4ji,i^-itll 4jJl*2!1 Jaiaioa ?=-ti=JJ ( ^* — 1) J^-i iSJtj 
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V ^<+> 



B 



( \ , - i ) Ji^JI 



Af: 



1 -All 






Conditions for Oscillation uluoUi Lijjb- Jajji 



ijio cjLil (jjJ^JJ 4-Uj^J= 4_j j_0 Ji_jJ^3 j] ?TJ^ BjLil (jylc ^J J uaj>J I 4_La_i=j ^j VI 7-j-iluJj Te-tJaj-Lm 

.( <_)jujii,1 J-«-C. fjLjLd ) 4_lvjII ^jMi^-ittl AjJJtlll ja^=a a aIjlscIujjLj 4_jjvjL»- 
4-i i "^— i «JI AjJljlIJI daJaJto 7=_tisjj O - 0) J^"" 1 iHul (J^i-i- (j-o .<_jJljJl1]I jl^ <i"i > ul ji CjjJuv Jaj)j_<lu (jr iiLo 

. 4_o~jL>. (J^o fijL^I uj^j ^-^i-^ 
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V1 


A 






B 


BAvVt 



3 <— 3jJU LlCS 



( l . o ) JiJUl 

(JT ic ^gjIL><j j i i -—\ t, I «j-s'-S 4_jj>~jL». (_>^-i 2jLiil (JJJlj 7^J-^ *J"-"i Cr" 1 U J ' ^ *" ' *^ 

4_ajLSJLl J-J-C /T—IA-iJj * j-*- ^3-^ ^ * J -1 ^ J-^LIa]' ^- '" „''J^**'' : ~' - ' 4-ij I j-luaJ I 4_=3j^>J 

(_)=3 ^J-y ctC Jl£J>- *_lLa=j 4_ajLLa (_|=3 j_il»j (j| (j"""! «IJ I Jut lUUUCjriZ £ys j"^~il <_jM (J-*^ "-^J-* 

.... cibjpJI 
ja£ oLjj^nii 4- UjI i j^jj ^j Electrical noise ^u^^Jl *l^laJI u « , „- Zj^LkJI ojlaj 

(J^O A^J i*^^ fO-^-JJ J.'^-i U <>jjl-i 4- fijAiJI jJuua-a (Jjj^sjj (J^ Cr^ til! jjj .(Jjj^ajlll lIJ^LguIj aJLlaJI 

. I Jlv 2j_Jl^s 3j^u^lu -J^s* tiiLi-<k Q3^~ '""" 

<jx. ^>oLJj^L=xil Jio jtic Vi Ijl>. 2j._lj.go 2jLil -ij^j lP=P^' O — o) J^-i r^tl 4_tii!jjj 

JljJlLc I j**' -1 J 3 (J^=LJJ (JS-jJI J I <L*Jvlj BjLluVI N J*~ J Li^SLxll Jl*j . Ljjj=j I 0^~ ' 4_Uj^J=l!I r I ' Q J LgaJ I 



M^ttl^jJtUI 



'J-^&P* 



VFl 



.VF = Vi = ABvi c 



■I i£< 



ABvi 



l^jLxLj 



jLii j_a inphase <l^ji ^^ 2_ ( ABvi ^jL^ ^oJlj ) VF ^ijJi SjLiVi o^=j <j? «. 



liiJi TcjisjJ ( Y — 0) J^— ■ LuJlJ { ( <_! JuJlLJI JojJ-ilu (j^J JojjIu (Jji J-*J ) '-& JLA f-*^? 1 - 1 l£^ (_r^"^' 



jjLii j^UcZ^j Vin^jjLLof AB vinj^z^ jl5juLc j^iyi^jjLuaK AB< l^L^lil 

. ( I - Y - o) J^=lAJI 4-OV 5 >* La= ^>>Ji 
jl^ juiji^j Vin c^j^=\ AB vin 03^=^ jl5jj^ j^iyi ^j^f ( AB > 1) jL^i ii (y 

. (<_i - Y - 0) J^lAJI 4-OV 5 >* La= ?j^' 
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^jjji j^ 3 jJuj AB Vin J L^L^o AB 



viyi ^jL^c AB = 1) u^='M (v 

- Y - o ) J^-i Mill ^_ (2rv- a J-* I »^ 3 lj Sj i (i a 



( T - o ) JiJUl 

: 3bu£- fej* -^^ LC uiUJU 

<_! jujJLI (jj "•'"*' "'J ^^P* 4 t^i riijltll <JLllj^li! 4-AJ.p- 4JVJ-a Ji-jJ^HJ _LC/ <_! JljJl<5 al Jiielu_ul ,j^— i oil £ys 

LaJ_Lc CjJlj>o I Juij Lp'i ShhP* '^J-' 5 ^Mj-* 4_LaJL>JI AjJljlLJI oJl^jj 4 jrtl->- 4jJui3 4j, ) » aj '^— i a (j^j L-uL-ui 
flj-aTn-u-a fi^Lj tiJLlji jjj)^~>J '-M^J (J^^' J-* 3 '^J-J' ^dil) O-"-^ <tr ( »JLijJll ) LtaLv 2l jutil 2jLiVl (jj)*~i" 

>^p* SI yllflJLl (Jiij LaJiic <_ijujil!l fjuj (V - 0) J^lAII 4- ^4->H ( LC X-iJuJLa 2j-:1-S J}L>. <j-aj 

JLjta LiTu-uj _L L-illl (J^lS- 1 Jn*— -ill fj-flJ >J -I ?-^lfl-ll 7=j^ JlIcj V <bjl Ujtl Jl^jv J| C < ^"^-1 1,1 (jrcJij 

jLjj_aj]l jLp ) (j , „jU'.» 1 1 (JL^il LiTu-La (ajLS3 4_jjl j 4j^_ijG 4_uj_gj=j 4jLalj 3^2 ^Ji9 ^J-** ,_, ■ tula ''» a 

oL>ol £_ _L ( ait I <J}L»- ijj-il!l U < rt""--! U I Jljj *u < 4 m^Liia 4jjt-irt^ < ^""—-i U (jje mi j'q ( ^^y^Luil 

£_ jLjllI j_cj-<-ujj Jj^' 4jjt^irttL < h~^—i{\ (j^tuiuj ^ Mijt-iitll (JL^J.1 LiTu-Lt£ (Jj^' jd>^-^ (jM^—iljua 

.( i - Y - ) (^jLlxJI (Jj=lj1u]I 4_ Tc-tisj^J j_ii I e^=s ^>y^« 4_j_ujv 4jvj^j I ''j ^— 1 a <_j JuJlIJI 
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i^jUuj SjjI jJt Mj3 i^_p- 



<jvj^5 (jyic Ji^-»Q <■ i mill I CjJ3jJI 2_ <_! ju JlIII 3jjI jJ 4jjI t-ijtl cJjuoj lil <Gl ylolL-ul Jgr mH (j-aj 

L9JJ ^liiXI jiAj ^ LLui jkiii ^ (jaJ ^^>tj .^Jbt^x^o ja£j ( Continous Wave ) ii^lji* 

< » ii*"itlj (Oil) aJaiill (jylJL^- (Jaj J-aTuj jjILjiJJIjUJI JlLa ^yJ^p^xJI ?-Llila aJlscIL-uj I jj 4-JJ-«j ^'j^ <J^L>- 



: ^3 U.U.UU jLLuaLi- JLj-jj 
^-p.( 360 * N ) Q3^=u pf t-x^o ja^uJJ J^jJIj 8 JlSjII ajJJLjU 43.3JI Ajjlj pf (Y 

..,3,2, 1=N 




>-_$-jL! fiJjjJll AjjuuJI .iUmU (jyJCjLi <—1JljJlI ^-U-uL-uVl fij^ljjl £ftjj (1 -0)J^=3 ("a] I 
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JljjJLI »j^>JI f <>tj lilljuj Ijm^f ^JlUI »j^>JI jyu CjJljo 180 Liaj? l£JLLAj Ji-jJI x-a 180 L&jljLla 

aj^ijj ^oUL ..J ju jJii ^ ^^i2ii ^LkJi Ja^j Ijlaj 360°= 180° + 180° 3j,,,^tti ^juLiu 

AJa^LsJJ LljjJjj L^LtxLa J^pJI (jj^=ijj jjp"i ( iij-iljUJI 3 La i ul^j 4_l3 p^~ ' sell] I ■j i ~~ ' "i^ J '.'^~ '"'^ S-j-t-allLjj '^J-J' 

■ J^LyJI 

2nJ(Ll + L2)C 

j4-3tj><JI •»■ j ' a3J (j I I Jl& C-lI Lsjj *«i-^>- (_)^3 ^~" '" s s j" (jj-^C- (J J i^3-3e-iJ \-i\-y <— l juj-a aI Juir" i hV 4jjJLt-a ^'JJ 
JlaIjI] <. i rnLua j-ll<j J-&J IvC/ <_l ju Jla AjL3ej-mJ tiiJjJj I Jl». 3jjj^-i _LO (j^Jpl 'J-^ ^LJ$^=lI ^iijii-nJI 

. 4jt Q mil djl_S_Sp]lj 1_L.1-I.ixj 2j_l«___]I __I_^_JI 

+ Vcc 

£j_JI (,11 GJJ 3 - 1 _- DC if^l t_- 




RC _■>" -" ' L ^* il ***' - ***** 

.4_ujjv 4_vj-a Jj_=___) (____. 2j_-3 LjJb JJ--3-JI _j -=3 <n V (0 - 0) J__=__iJL 4_*___j!1 2j^ljJI _j| jJ___Lj 
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*_a 2 JlJjJLI AjJutTjl (J!>L»- O-^J ^J-^' *tr J 6 ^J i U r7*°l Ju>Jj -S-S>i JjJirsIu till juj ( 1 oU ) jjj^ujJljUi! 

. ( 360° )^ljJ! cjUiL^ 

2j}Ij J^Vl (j Ll. tiJUi ( . r \ U"n 1 80 L&jl jJLa AjjIjj LJJixJ ^t AjjIjJI J-«-C. 2jjI jJI £ys cJ Lsjj <LiV IjiaJj 



JjpJI. 



9 90 uyjb RC «j^b i^jU«" 



(F = T8RC ) ^ U) ' ,> " 
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(Experiment RC ) 

. XjjIjJI ^yic CjLjiLtiJI JlMj RC <_>jujj,! 4 t-imljj 4_i_i_p- 4^j_a JlaJjj j_& : AjjjseUI ^a i_9JlJ! 

. (390& -3.9k&-39k& - 100Q -10k£- lk£x2-100k£ ^IjlJ^cA^ll* V 

. Trl = BC 543B & Tr2 = BFW10 ( FET - BJT ) ^i^j-^ ^ 

. 100 uf - 1 uf- 100 nf- 10 nf- lnf ^i^* i^ V 

. ( AVO ) t^l^Vl ^juti^ ^LS jL^v / 

. ( Oscilloscope ) 2jLiV! ^Ij jL^ ^ 



:*oU*JI BjjIjJI 




( 1 . fl ) JLUI 
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: 5_ij-*aJI Catalan- 

£j± 3 ( Trl = 549B jjn^j^lpJ! zj^li ) ^ jujdi Jio ^ A sLlsji zjLiVi ^lj J^j / 
. Trl = BC549B jp^lpu ( j-^Ji! ) ^ ^ j^jJii 

<_JI 4_»l!j_aJ1 jj-ua^a iia-nia I *u <— i JuJuJI 2_ SjJsl jJI IJljj j? J I «"Iajj 4jJl»1!I jjuua/a Jl^jv 3-SLjJj ?Jlj! ▼ 

. ( Vpp = IV to 2 V Ljj>23 ajIJ^aJI jj^-— " ) <bg-.."uj jjJlj <— iJljjJL! ?:.>>■ ?■ • • ^.' d)I 
( x_<u>J,l ) Trj-iJI BjLiV ^^l!lj 1 (j-«jJI ^^j' (*^ (j^-^'j-^ 3 (J^^'j 2>^' *jL"4 J^"" 1 "< r«-"j' 

. Trl = BC549B jjw^ 
T = 
F = 

.Trl = BC549B jjwplpij jfi\ a^ijn^- j^ 3 \ S 
AV = 

.( T ) ^jJlj ( Vpp ) j^>JI jl^j! JL^iVl J>U <> / 



Y 2 = . 
X=. 



jtnijdill JaJ ajLil 
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Yi- 

Y 2 = 

X= 



Yi = ..... 

Y 2 = 

X= 
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f t M 
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Y!-. 

Y 2 = ... 

X= 
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. j-U__il J_J_ __ljL__VI JuJ^J 4jrtj^ I_j__a t SjQail 







------ / <-JjJ-J.I f_3j 

----- / «_«}_-!! 
X A' c_ijtJ__,l ^j-- er^' --*-' *---" ^° -^ fh^ ^ d-=> 

X > ♦ « l-»JtJi_U ^"J^ _*--.^t JL>JI _____ / <_jjJ_J.| i^-J_ 


J_.L_ii! 


^-U_Uj| JLU 




.4__jjjJ| Ji~l_ 4-a>L__! oLuLu J__Ij_i 3-.'^"' ^ 




. Lg-aLt 9-xmlj SjLuJ^M oljJjjU ptjJI <-JjJ-a » 




. _J^£*_lj _5_J^__H (_)L.->. <U_Ll_=_ 4_»J__3 » 




■ 4-t.LpJI «jL__"_l oljJjjO 4_Sj__a» 




Ajujjo )4_ug>J| joc. 2jL___M JuJjJ 4_t_u_= <_5jj_a* 








■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 






3ujg>&i 3>j?ij jitj^ 



.L^jJLl 








Timers 

. ( 555 ) CJJSJ^U 4 liHutl fjojcj -i-i>iJI <— tL-n3» ^Jrtj^-i ibjjua ▼ 
JJJUA C<J3j-A 4 «JL*JI (jySLu < 2JUJI L$-iL>4 ( 555 ) CaSj-U Cy ic LijiaJ .-ilS^.L- J^jx. v 






Timers 

aLc J'^— ■ i i!ujj .4J3J_> B^Jtita '"'I Ja-ij I gjlaju jjuuaja Jl (jLp* 2I *UaJt_a ^_ 4_lc-3jJ I jJsjJ-JI 7^Ll>iJ 
J^aljla £jLu (_,!£. j? One Shot ( 4rtlt-.ll Aj-iLjvl lS? ) Cfr*-A Jua] <JLili SjijJla <Jlil i>>n ^jlc t-JJaJI j'i^J 
4_j_<_ul_jJ2 4_jiiia_La (JLiLl^j £yi 4_,i!j_a jjlj_S jIJlcI 4_!jL^t<s £yi Vj_> .(j-*-4-*-° 4_*jJl». 'JJ-^J -^-^-¥ ' *^\ (J - * 5 
(Jl <it" niVI 4_a|_c <laL=iLla j-jlj-S (j-a il\ ?i"i > nVI 4_aL= Jja^lj 2_sl_c <U mjVI (j-aj < C) 1 j I ?-<" 1, 1 ojui ^h^ 

^LvVl ja.Vjlt .-.r.j^-.n tilts jj^ ,y t i jLlJI 2_ j^-»ojj ( Timers ) ejbijll ^L l^.^ ^j-^j 
^jl^; i^vjLi- ^Li^^ua gt.^.t VI ^Li^Vj .( Astble ) j?-,,,,^! j? ( Mono Stable ) z J ZhA\ ii[^i\ 

jjj\ liUU i^Ll* lalUtl Xj.sL3.Vl tul.^iitl u3==" <Sjyi".ll iJU»JI &AaM\ JJuSuil <JL3. 2_ 

(_^l <3-L>JI Jj£. J-*iai? jljJilmlj ^£Ju «JLcj3 (j^J ' SjTTmmU 4_!L»J| 4jJ>Ljv^| CjI i^imII CjI jJj^J L&jJjJ 

.lj Sj 1 11 1,1 2p-iil! J3I3? ^1 JlaI 
J ^— -1 j'°i rjJeJll ^- iji^Aseillj 4_tJL*J1 ^jAlJLfcJI t-JjLli ^ylt-4^ )j^!L-uja^U I JjJuillLi <jijuj La-j3 La? 

.(j^?I <— ijujdl JL^a mi? £ys >L=xui 2jjI jJI jl ur.l 

:uLumIJIuI^u« 

(JllLjSjJLl j^ljj (j^l 4_^ol_<JI T^iJI 1 " 1 1 - ia p ' fl ' ^> j 1 *-jLiu J^~ ' "'.' 4-jJLl!l '"" 3c lia ua 1 1 ( J^JU-mJ 

■ Zj-SlL^a>Utj 2j-21lJLI <JUJI AJJ1L3.VI 

Pulse Repetition Frequency ( p . r .f ) ji*i)ljljij w>3 

(^Lla 2 Jl3-Ij <LjJLj )4_LL*-a <J-<-aj «pa 2_ 4_L^L=»JI (Jill i^iiill JJlC AJaL-o-u jjk j^ijill jlj^— 1" -S-ij3 

4 l^J 1000 Jjlslaj ujh jljJL&> j^== 1 ojJ^a ( p.r.f ) (j^j*< jIj-==xj -i-ipj ( a-uojj m^jJI (jy^-U J^ mi? La 






Pulse Period j 2L_ui)!jj_ 

<_jjA_L<j j_* jjJi-JI <U-4 ^ t^a-j-lLl 3j_vlj 4jL«L___' isjj-S 4_5jJ_I__j <_£ jjl <___3jJI j-& 4_l__j__J <___»* jj, I J^— • ~.tl jj_i 

_sl t ( p.r.f ) ^^i jij^=3 ^j3 

p.r.f 

.LuIj L _Jl a 1 3 \ i 4L.L 1000 / 1 jj^:- *}L_J JliUI 4_ 4,^,;ll jj_, <ji_» |j*s-,»j 

Duty Cycle t 2u_ti_Jljj_ 

(Jj-ajJI (j5^2j i* - *^ (J-*- 3 -** (J^! > toil ) (Jj-ajJI d__J 4_l__u (____■ 4_c__j__J (^-jvjJJ J^~ ' i-ll 4_aJ_>_l| «JJ-S 

: (jt _£? < AjjILI 4_i.cf.uJL jLp-^l A-a-t-a _1_ 4_aJ_>JI 3jj_S jj-Cj-ouj .Los ( tOII ) Jjl_--JIj 

100%X ^5_ = L-jLiJUjjj 

ton+ toff 

<aj_13 <__._* 1 zjd ( Off) u___i t L a j j^iis <____* 1 zjJ, ( On ) Ljl_ 03-^ lS^ 1 cr^^ 1 J^,t.ti 

.( flJjJ-t! < rti^m 2j>3_wj-o 03=^ i L__^_]l jl _$! ) 50% L_jJ_2 4_aJ_iJ| fijjJiJ ( hi^"n 

t Mark to Space Ratio ulsuA\ ^IuLOU)!2l__J 

___3j Jl 4_l__j_JI f-Lajjl ___3j 4_t__u ( ___fc 4___lj__J (jy _»~jJ.I (J______JI «__j !_=-_<-__- (__U -liLa^Lc 4_u__) (jl 

— -— = tiibt____]l ^-tt <— iLa^LtJI a-l-u- jLa I Jl-=--Aj .L^x->l-l>-tl 

Pulse Width t^_uiJlji^ 

pL__J2sl ( - 1 -aj I a Jiic (J_jL_j (_J Jul (JT LajJI (Jj-aLaJl ( ___fc (_LJ-u 1 u a (__>. j^j (J__=__u Cjli 4_i___u (__)_3j.__ q) 

.^jjusjja j| 4_JL_ 4_j_3 4 t-a-uil (j^_=-j (_JJJI (_;T 

Rise Time j jjju_JI a'i^ 

4 ihii'iW Jj^.t-i-3 OJ2j <jl_3 L'-.lL-j .4___t_uJI pL-ul £ys 9(J /O j 1 (J A) __iL_J £)■_! Cr^j-" Jj-aL-JI j_ij 

.l J -__j i _=_ >u ^lH! 

(__jJI 4__jQ__J,l <_jlj__aljLJI 4_tic. j_gi__ij < 4___ij__J LjjvJj^j I_o*j^j ^L_____j (V — 0) J^— • __j| ^___>jj 

. O^Lcl L-LL-a jt"ii ill 
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100% - 

90% - 



10% 
0% ■ 



A 



( V - o ) (jiJUl 
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The 555 Timer 



jJsljjJI (j-o (j-SHa i ka-jlS- A>^ s <J-"^ _£4^ •f'j' - '-' 5 L)J-^ 'jl iVmI i1jLJ2LJ2jJI *-<-ujf Z)D J CuJ2 j-l I j-<3-*J 



f - l-FT-FT-ITI-i 



-j Luu- 




( A - o ) JiiJI 
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( 555 ty^j^^tJUtbuSjlUJAMtMJabM 

(jt jjiLji? J^~- iSu j^'°i . 555 cJaj-a-U i La i ■■ Jl I (jr li-ljJI c^=^lJI j g Laj ( A — 0) J^— tfgJI (J^L>- (j-a 

L^Mj ***' ' " a l/^Lj*' <^ili rvO JoLLaj *_a ^jjl S -i^" - ' (jiLaJLLt-u^a ^_JLJi_<ld3 ^ -i se ■ ia a <j-a lJsJGj 

<JLiljLp »IUrl jl Jl>*L ?rafiij i^jjl j-aVl < £jjwll (jn^tLc ( Bllffef ) jju^a t£jl_L& < till i J I iaLisVLj 

Cx^jUll ' *~^— < 1 *_j^_lxl!I i-j^-ajJI i_3Jl$j JlvIj jjTli-uJ-iIj3 aJI J_> j-2j3 lLUjL^s • s ^' J^ cr*-^' <J-° *J '.'^~ l 




_n_n_TL 



. j_SlxxLaV '"'I ija-ij iljo ■ i — - ■ (^^.uLlSJI J^D CuJ2j-l.l (JLa-tTn-ul Jj^— ■ a, i ' a ^-—* \\ - 0) J^"" 1 "<tl (j\-u 

Threshold ( u^Ai\ ) J». jLa ^k, ^ij^ui jjL>^ jj^ . R2 






/,UI U;tl j A , aj L £Jj|j_aVl < ^g^-ltJI OjL^' FJ-^* ^L^J^jj < AjJLilll 4_jl!^2 C7 !iJD (6 - (j-u^jjJI Jj£. ) 

. ( iu^wtiii ) <juji ji 3 ^^jJi jli^ ^uui 

tiJLLikj i 4j JJuJI 4jl!>2 i±Jj <_,!>. cJaj-A JiS 2 (j^jjJI Trigger ( ?-Jl2J1 ) Ji*JuJ Jiic Sj-iiLlaJI AjlIj-iJI 
Jj-Seljj Q 7Tj-iel1 Jj 3 ^ L&Jiie. ,4-JLoVl folly Ml,UIU;tl >_.»_. ^j tl j *SM ( Ly ilu J I J j Lfll I 4J bv JoaUx* 

. ijL^J VLo (J\ ajjJlI! s Jut j^ ^-y~" aj LlJUJI 4JUJI Jt 3 (j^jj-JI jlIc ^L^ill £>*-U 
^ jJI diJjJ L^jLix jj*^:-- ( <\ — o) J^=lAJI 2_ iiuil Bj^l jJI duxiz ^ jJI «g>*ll c^jll J^.mi jl 

t^jii j^lAji i jl^j a^l-Vi ^ij^ai ^l u^j ( v - o) j^.t.ti 4. ^li 

ton = 0.693 ( Rl + R2 ) C :UUJI <JUJI ^jr>Ji ,Ub s>a 

toff = 0.693 R2C ti.hnvni iiUJi ^^j^Ji *Ll spi 

t = ton + toff = 0.693 ( Rl + 2R2 ) C : ^Ij^ 

r 1 44 

Prf ■ = (R1 + 2R2)C : &*"' ^ ^' ->*>" ^ 

ton_ = R1 + R2 

toff R2 • e>* u 4 - ,Lflfc — J ' J!uU)W • 

ton Rl + R2 vinno/ . „ . . . 



ton+toff R1 + R2 

.pjVb R2j Rl < jIjUJL Cj < tyjIjSlb t £430 

. Rl ,*vO ) ."^— > n_l=3? 









uLJjj&ll 



:&L*ll^LHuLAUd)>« 




( w . o ) J£^| 



JJ^o .Sjlritiit,! 4_!UJ1 i^-iLv! diLia-u jJj^= }LjLc< 555 pjj (j^o bJaj-o ( ^ * — 0) J^lAJI (>_u 

Jl 4_l!Lc 4_!L». £ys JLZuVI *l_ul (_£? ) 4_LajLi iaLv 4lo,i,ljj ajJELmJll 4JUJI ^JlLvVl £-Jl2J1 CuJSgJ 2j^2 

4_jl!_^2 QJ^n" f>iil I JUfc £ys 4_aL». JLaL-uI *UJ LaJtlc .( Tfgger ) r-JiiJI J^J^a Cy ic ■ La I . ,<" (4 i^aJtLa 

*_iisjj^ 4-J-!Lc 4-!Lv Jl (_yifl ' u-ll ^jjLSJll T^jjta (Jjrtjj < AjJuLlJI 4_£l]^2 liJD <JJ-S OiajJh Ju2 ( ?-Jl2JI ) (Ji. Jl« 

1 jvljjlu-ujjljlijl (JjISJjj 1 ihio-^r'ia ilaLLaJi! (^ Trj^eJU ^- 1 1 taj tiJUi Jiic .(^Ct) <U ur> 4_!Lv 2_ tlaLLaJ 

.4-JLc 4_!U* Jl ( 3) o"JJjJ! JU£. ^U^t £j-^ di^di 

i_aj-iu.U JlIc 4_jl!jji]l J-uaJ (jl Jl IV 4_l!IjjII 4_ajLSil j_lc (^ ' ^"^— 1 1 (jjtAil tiJUi Jl*j 

jJul^uj i l $j!jJ\ (jjLsii ^>=ta <ju.j_lLu tSlaHJI 2jui jiic .Ajjjtill 4_pj_^2 C7 iiJj j I Threshold 
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tOIl = 1.1 RC :£>UI '^[^ {AJuj\ Zpi 
ttr < 7-J-UI S-iJa-uJ 4_> ^^jll ^jjlJI 

4 

f j% R j < ^IjUJL, Cj < c^l>UL, t ^^v 

. 555 ££ >3j£u4l&L*ll2UJb> f *l uLa-uJ! uldJj* 

x — r - 



„■„[] 



-a 



-i 



101 



ici 
555 



: c 
10Cu 



u v 

( \ - 1 ) JSJUI 

4_iJlj oU L^jjLa i j 7i~ i ii a SjH^ j-^jj ' 3j rt"iidU 4-JL^JI ^^Lvf I V>{ i n) Liaj-a ( ) — *\) J^-i mi! I (j-t-u 
3 (j-ujjjJI Jilc rjjtil J>*jj S 1 t_3j^»JL> <u!t jLIj i^JlJI ( Start ) ,J}LkJV1 jj ^".-^j Lsjiic -Laj>2j 









uLJjj&ll 



xr^t — T 



C1 

10 ill 



(TTLJ o^Jiildii* 



IC1 

555 



j^ 



(TTL) 



( 1 - 1 ) JiAll 
al^Iaj <4jJLj ct^ 5 ^ O^J-*-? * ''-"y J-^J^ / j ^" , „ 1 1 4_!L><JI (_£_sLvi LvJiILa ( Y — "I) J^— ■ i iuJI (J^JJ 

. LL>L_u Sjjl^il cjVjiL«II 4 ta-mtjj 4_UjII t-JlSII fij^l jJ c^jIJI 3p^ JtjJ^i o ^~> <ijj • TTL j-jIj^ *-* 

. 555uiSjilj*Ui^AjiL*«^UIuL«aA,UluUJj^ 

0+12V 



X — T 



R1 
91 K 



RZ 
91 K 



IC1 

555 



Output 



( r - 1 ) J&A9 
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CjJ^S J OjS2 Lvjj^ fi^-^dS J ""' ' " A - ' "i '^ Ar (_r*-*d ' 555 pj- 1 (J- 4 '-^J- v ^ — *v J*""^ *'" L^y 

(j^-i <ij . 0/ A) JijJl^o 4_ajL». «JJ-ij j-thf-* AUU 0jJ^2 <_>^-p jlj^— i" .i-SpJj £ 1 1 l_v j-j'j-S *-a Li^ljHa 

(Jjj^a^JI 4-ul^-i at <*J^C- <4^J pe_Lolj jjjLaaJS £ys j)^~i iuj 555 (jt jjjLji^?I j ?" ma^UI jJjil <jl ^^i*-!' (j-^J 

(j-o ^Jj** a J^— i iuj <_jljlia^ij ^j^~ i )J . LaLa-i 5U /O (_£jLlxij 4_a Jl>. 2jj Jlj t^JkJI J_Lc 4_*jj_a (JliLvj-a (jyic 

J j , ^ -»■ 1 1 4 '( ?" a ilSjjla LPS ( £• — "0 J^~- iSJIj . -Kx (j^a Jj"'^— .' J * '^ **-*■ J-*^> J;^— <J < ^-*d>^' ^"J-^ 




( * - 1 ) JSJLJI 









uLJjj&ll 



-S-Sj3 1_)jJl*j L>3^ JJJ CuJ2j_cl! 4-aJiJxJI 3jj_S j_l*I 



: 555 jiittfc«V^>JiajLjy(^*i>ib 



R1 
10 K 


T 
I 

I 






1 

4 


i 1 


i 

8 




+ 9V 


VR1 


7 


IC 
555 




100K 


D1 1 
IN4146 " 

! 

02 

IN4148 


f 




R2 


3 


10 K 


6 






I 




2 




1 


5 

> 


ov 





* 


CI 
10 nf 

i 




1 


C2 
100 nf 

t 


— < 



( . 1 ) Jim 



. 90% J! 10% ^jlXI <>u^ dd^^ ^ 



j^j^&jQJIutf^l 



*^-p- jj^j (_£? ^yic Jji^itl! Lgl^taj-i (J^-kij ^aJI CjbJajJJ pljj! o-« fjj ( 2240 ) aJLoI^'U j^1*j 

(j "—i <1JJ i ( 255 Jl 1 ) ,j-a 4 ui2l\ J-aLiUJ Astjaj^ {j*—! <1J (Jj^lj-a (jLci £ys <JLsLkj<LJ2 4j-mL-u (jyic JlaIaj 

<_jJljJlII rJ^2j aj-Sj (jj-Ilj (11) ^Jaj (j^jjjjJI (_,!£. SjlcL^ pyS 2jL.il iUjI(m"m c^ajJ. I juk j-a-=»o jt 
(jjijjLj (jr^ L^jL^ 3 j-^j-^ ^H^ cjI^I Jlc {j£. fijL^c. (_ r -<k (_pJI cjLujiLaJI (_).*£. *.Ju ajj j<u £y»j i^^iS-l Jl!I 

. 2240 a^i^ui] 8 Ji 1 <> 
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S1 


S2 


S3 


S4 


S5 


S6 


S7 


S8 


1 


2 


4 


8 


16 


32 


64 


128 



S JulJI JU^ Jl^j U < ( S2 & S4 ) 4_JLU1 £^LU1 (> >i^= 3MAI fu" \'4 liili t^c Jll« 
10 = 2 + 8 J3^=a ^^ilai JulJI : ,>Ji 

(jla 10 fft^jJI (jll Jl*J1 J'^J LoJ-Lcj Jul J_JI 4- JLL^aJ&La 4_!L». 4- diLn-uLall TTjLita jj^""" ^1 

( ON ) Ui±* ^pLUI oJla cul^ lilj LJUJI <JUJI Jl jr,r,,„ ( S2 & S4 ) ^pLUI ^k, ^jLUI 

. 4_jJL«JI jj\ iLuL^II (j-aj xajualll (j-uJJ-i ^yic aJUJI j-l«Tij AJLa 

a_ojLHI L»A C t R »i*ja- ( T = R X C ) aJ^UII (jjo Ly lj>|jJI <_j JuJ_Jl! e^jJajlJI ,j-a) <_jLxlv J ^~- ijj 

(j^o jji La=3 13 & 9 aJ3j (j^jjjJI (_,!£. ( 2240 ) 4_JLaL=xil > l 2jjI jJI rjL>- di}L^j!1 LJu^=aJ,lj 

.( 1 - 1 ) J^,t,tL, 
:JH. 

SJlcLUI OJU= lit i 4_jJU" ( 60 ) Oj\ jJLa CxjJ3jj ijjij »lt-irV LgJ3>Lc.l u>J (_yJI 7=j3LUI (^La 

. JLolj ^yfc Cu3jll I JLjJ JUixijJI 
<_ijjiaJI J-aUuj ( _ y IaJtll 7=_uLHI £ys 4-Cjj^jJta (J^l-C.1 4-^>«J <Jt-3 <LjJU" ( 0(J ) jjk <— >j It-ill (j-aj-JI (j! L*J *(J^I 

< S5 < S6 ) ^pUI i^Lcl ^>o ^i ( 60 ) ^a*jli ^^i ( 4 + 8 + 16 + 32 ) lw ^ y 

. ( S3 4 S4 

O-jJSjj CjIjj^j i ( OJj3 15 (Jl CjJ^2 4 ) (j^La ?-jljIb J-£>- cr^ 1 (J-*-*^ <^J2j-*U 4-Lal ^-i"il.l 2jjI jJI 

llv ) (j^jl- ?"jLp^ 4_ajLSJ.I (j-o ^L=3 4_ft_ta (jl LJlc ( <jijLc.L_u 1U (j^c juij-jLoj ^-p<^ j^ ^~*„ a AU ) (j^La 
.( IOOOjliF j{ 10 nF ) ^U L ^^a ij ( IMG J\ Q 









R1 AT ft ■ | = | i | 4 | f | e I 7 J B j 



yK|/S3^S4p5>S6|'s7K S ^ 
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u 



( •% . i ) Ji^l 






( Experiment The 555 as Astable Multibrator ) 

:«LaJL(La 
) (— ll i^utl CjI jjjjs CjLLlJsj 4_ £-<-u'j J^lAj ■ajLJel.-fjJ IC 4±aL=xia Sjjl Jl=i (TilTierS) ullLlijII 

su jlj 4. 555 cxijJJ ^j>^ ^jlSj ^ jl2Jj .^Lujjp^jyi ^j,j^ jjajw 4_ ( Pulse Generator 
j CA555 3 MC 1455 >jJi e^; ^js U^= EN555 LjL>^ L^i >j^ .tulSnWitl ^j/.^ti 

<jvj^3 £^><-J1 'jL-"4 J^""" 1 "< (JJ^~iJ jlj rVi > ii VI f<uJLC <-l)l i>>\'\ jJjo^-i ajLJeTn-u-U C^jJ.1 4-J < _LJN4555 
W (Jii-4J ^tP~ C J t\^ J tvt j^sLlsJI jLjIiJ jJJj-ta (j-C ^-seil (_£jjJiJI (j-aj-!l JuJl^»o ^j "—i <nj .4JUj_a 

.(_^jjjJI (j-«j-!l 1 J 4 i^j'dl (J^la 
. ^jjJLiJI £yi (j-ajJI <_jL-oJvj L^-lLc CjL-ul_i2ll (J-<l-CJ C^jJ.1 3jjI^ (Jjj^sjj jJt :4jj^*Il!I ^j-a i^jtjjl 

: 4-^JLJe Tmi . U j-uaL-btJIj ej^S* 2?l 

. ( ±5 V ) DC VjuniK J^ j Jn^a V^ 

. ( 100k&x2-10k& )^i i cj^:^u i L^ • 

. IUKdcj Bj-iiLIa 4_ajlJLd ▼ 

. lOOiif x3 - luf - 0. liif l£*=>* S 
.IC - EN555 eJ>j_« • 

. ( AVO ) o^lj^V! ^julI^ ^LS jL^v / 

. ( Oscilloscope ) 2jLiVi ^Ij jL^ S 









uLJjj&ll 



:aoU*JI ej^ljJI 
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> +5V 








3 




4 




1MOI.rn 


7 


IC 
555 




R3 

100KOhm 


e 

J r 


3 








2 




_ ci 

MOOuf 




i 


5 
C2 


! 

















t x LED 



( V - 1 ) JUJI 

Rl = 10k£2 JLajLSJtl UjSjf Ulc( V - 1) J^ M.tl 4- o^^jll LlUaII Z^IjJI J^j O 

.R2 = 100k& i^jUilj 

(jo Jj^sjil O aJ2j i_3j_LaJI (jyic A alia!? (Ji-jJI fijLil L ysj^.\ ^Lj^^xJI *u-uljJI 4 La ml^J (Y 
J i_3j_kaJI (J}lS* (j-a JJ 2l_LSJI (jyic t^JkJI cjLil (^jlsj^ll JaJLmJLl ^j ilo ' (jyicj 4_ajLSJLlj ( *~^— 1 1 1 

.^jJti! i^JjjJI (>ojJI L - ^ua .lj Ujjk-ujI fU 

. ^jjJ! ^k. J^jli LED ^>^i ^SLiJl ^ J^>ts liu (r 

£ ji<J^>U! 



V 


l_£jL-uJ J ^J2j 4 t-i(7(tl (jyic Jl^>J1 



1.44 



T = 0.7*C1 (R1+2R2) 



(R1 + 2R2)C1 
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Yi = - 






















Y 3 = ... 

X = 














































!lll 


MM 


MM 


1 1 II 


Mir 


TIM 
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II II 


MM 


MM 




1 1 1 1 


II II 


1 M 1 


II 1 1 


MIL 


J M 1 


Mil 

































































































(6) 



(3) 
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(Experiment The 555 as Monostable Multibrator ) 

: <LaJ^r"ur,iU juloLulIIj B^^^-VI 
. (+5V) DC V j^Lujua Jl^v j Jlx^j ^ 

.( lMQx2-100kQ- lOkQ-lkQ^ijc^^UjUu • 

.(ON-OFF) c Lll. • 

.LED^^^Lo- IC-EN555e^> ^ 

. 100yfx3-lyf- O.Oliif , *v^« • 

. ( AVO ) o^lj^Vl JJulL* ^LS jU*. / 

. ( Oscilloscope ) sjLStfl ^Ij jL^>. / 









O +5V 






| R2 n R1 
IKOlim 100K Ohm 




4 




7 
6 


IC 
555 


3 


" 


2 


_ C1 
1uf 




1 


5 

C2 
1uf 


LED V. 















■* 



( A-n ) j^lAji 
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.L-tiuUll J^g^Li cjjljti! ajJuuJI jJu^j^j J-^=J fu ( A — "I ) J^n *itl 4- ^h^' fij-j'jJ' J-^J (^ 
(J-U (Jj^sjII aJ3j ' 3j LaJI (jyic A ZLuill (Ji-jJI SjLluJ i _ysj^.\ ^Lj^^xJI *u-uljJI <LLa mljJ (Y 
(<U J l_3j_LaJI (JM»- (j-« -t) SLiflJI (jyic ^J^><-II ">jL"4 L^J"* 1 ' ' t-l ?l i r< 1 1 (J-u-iJ (jyicj <LdjL2ilj ( ^""--lU 

. ^iJi ^ j^jii LED ^>*^ji ^Lzji fjc j^ms liu (r 

< jfila3.Mll 



V 


l^jLtxij J f*^J ilailll (jyic Jl^j>JI 



.^Ll!! ^JjjLiJI £yi -S-SpJ' f<U O-^J A i_£jjjJI (j-aj-II L_cxxLvl (jjjl jJJ 4_0-jL>JI j_^3l_L»JI JM*. £ys (0 

T = 1.1*C1*R1 



(«) 

























Yi = 






















Yi = ... 






















X = 


























1 1 1 1 


MM 


MM 


MM 


i ii r 


1111 


II II 


II II 


II II 


MM 




1 Ml 


MM 


Mil 


MM 


MIL 


JIM 


Mil 


III! 


rrt t 


II II 



























































































(3) 
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. j_l_j_11 J_J_ L^Lixkjj __L__jl1 J___ ^42 t Sjlkiall 







------ / <-JjJ-J.I f_3j 

£ X Y 1 iJjUJLl 

----- / La^l 

X A« c_ijjlUI ^j~- ^-J-VI j_>_I ;J__u To _j ^u2j jiL J___ 

/ \ * « VJ--^' *^J-^ c^^l J^l _____ / <_jjjul.| i^-jj 


J_.L_ii! 


^ij^** 1 '' *^-9 




.4__jjjJ| Ji~l_ ^La>L_JI oLuLu Jiclj-t <jfch)--J 




. 555 C_3J-*U <j_>-lj-l __l_3_=_ll 4_)jJL« ▼ 




.555 CuSjll aI Jisel-ulj £J_jJ? 4_.jJ_« v 




.£)r)_tj_-l (JjO c?^3 C-3J-0 ^j_i___j <U_a-_3 4_j__a» 




. 4__xxxJ1 [*_)_fl __\Z— 1 ■ )\ ■ -a 4__Ll— _3 A °\ y* A * 




. j-tlscU Ji-I- C__ji,l c _ic __L_jj__j ( Ja_.' n ' 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 






Ujj&idj^ijjiijj 



jLSjil 





4*>\jl\»d?$i\ yJUJIui<^l (tub 

(Power Source Circuit ) 

■ 4Xal^— i ill iljL*la_La a I fVVimlj «jjjjjl j^l <<^fl (Ja-lj^a iSjjca ▼ 

. ^Uinjtl ZjJjI jJ! J^L>. (jjo bjJaJ fifctiU ej-SI-i (J-*^- f*-^ 
. I(jji<~ ^jLLcII JlMj JL^r>J1 ^fcwl Ajjuie/J 3_!j^>iJ Jjsx. ▼ 









uLJ$j&l 



( Power Source Circuit ) 



2 3 



jBPBtff P 














[Jj>W ftjJL 


) (^3*1 Sjili) 






Cf^aS »jili) 

















4 



SjJLaJI jJlcoI. (jSjjLU-aJI lUtiVU £rUJ ( S — 1 ) J^-i Atl 



t^^yLLo (j^o (jj)"""^" (jr^J BjJlaJI jJuua^J (Jjvlj_a >■ i >m" ( *\ — 1) J^~> ."ill (J^L>- £ys 
Jl^>JI i_>-i.i^v tiJUij ^yjLj^^xJI (Jj^ll 4^1 hiIjj jJlx^iJLI Jl#j>- ( j^ij^-»o (<uj *-^p- : ck> 5c -^' 'J-^ ( ^ 

. ( ajjJJjJI ) e j La ' S 11 2jjl-S JJ-S (jT^^-f f*^ <— > jlLaJL I 

Ajjjjjj 4JVJ^3 L-AjLiSJ (<UJ-S3 JjVJJi^ (j-tjiL>ol ,j_a 2 Ju Jlv I j ^L>oLj J-«^ 4JL*^><J l^^LSO c-JaLaLijLj J-Ji^ 
.<ijjuu1\ isj-il-S JJ-S <jr^ f*^ ZjJaJLflJ I a I JlJcTu-uL) 4_LjL=3 4JVJ-4 
aj^SIJI ?yj». jLp (jj ^-i J V <laL=xJI <j^jj,lj 4^jJ,l < a uslj ftuj-Sj Sjjt-S £ys (_£l 2_ : a_i*_l1!I «j-j'-i (V 
diLvj-aTLlI 0JL&J T^cllJI Jl^jv ^q-iuj Lo-j_a IjLjJ d - '" v ' '^J (_>J 4jLaL= 4jvjJ_> LaJtLa lj-aTn.u.a IjLp 

.lJlUIj ( ^""--itl j)\ 4_ajLSilj ( ^"^-ill <LLa ml^J A-LS-iUI ^ ^-1 <ijj .<jL=x^Vl jJlaj lj-aTn.u.a IjLp 

. LluJls- J^e-a J-&J i_alj^a^l 4_jj^Lj \\^ a I JlJcTu-uL Jl^sJl! -~<l ^t^'. tl 2jjI^ (1 









uLJ$j&! 



( Three-terminal IC regulators ) 





jL^Sti! (.1)1 obio; (J-4-*3 (_yJI 4jLal^-i"ll jjiljjjl (j_a JuJlsJI TtLjJI r<U < <Jl! LjJ _£p^xJ V I 12- jj) t-i" It <-5e_»Iu 

BjiLe. j-LftTuj cT^iJI <JLjLlLJ^2 (j-a (_^J_o ^_ 4_LjL=ul1 > I 4_£l!jjaJI CLi\ 1^'^ jj^jjjj < Lg-<-« \) <"^-i flj-il Jljvjj^ 

4_ji!j_aJ1 £i>Li!1 '"'I »IaJL»i! Lcj^ui jii=3^l p-l^j^l .^jlj^. » LaJa Bj^Ijuj <jL£JI o-o JljcU 4_lL>. I ^ SjjIjli 

. TO220l,^r,,„>L LJ13 J^ws 

■jlj (Tn ii^M ^p~LJ jj^a Jul>- Jl^Jv ^IJ3 (Y 

. ( Over Load ) j^>ji zjLj jl^j < ( Chort Circuit ) j^iJi j^ ^u^ ^Ijj l^> (r 



. (_JL-u ji (_LVj-a T^iJI 2— LbU I Jt-gJ>- ^ La »" (_P-J'j O-iLliJI Jl£j>JI (Jill »IaJLa ~~ i 
. £jj J ""-it (Jlii-a Jl>~LJ i_3jj-uj <thh^ U^"" 1 <IJ ^>^' 4- ' ' Jl 4 j ?~ u^" 1 *" (jP-J' aJLoI "--i"!! J^g-><-!1 (Jill otVia ~ (_i 









uLJ$j&! 







IN 


JjWl ( 


ftf-kfiiir 


OUT 
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GND 








J^ 4* cii 




Co /*!% 


w&Li >1 



















( \* - -\ ) JUUI 



<j^LJLi j I (jjLuvj^j L^jvjJwj L^JL>-_i (j! J I BjLi^U ) 7 6 4_LaJ2jJI <j^LJL 4_aj^-uj^s (jj*"-'"j 
24V (_£? ) LpJj^UI ^ ^Ji^-i oljj^-itl dJJj j-a>uj . (jLJL-u L^vj^j L$I>. j> (j! J 1 2jLi>U ) 79 ixaJajJI 
. IA^^i J^jl^j^a^o^j < (- 18V- 15V- 12V-9V-5V 




.rjJ»Jlj Ja-jJI 4-jJL.u jj^-ilt O-a-a-ua Ji23 (<_i) J^-i Mill 









uLJ$j&! 



■ vin 
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hi 


70zxs 


■ift 












C rmi 






c3 


cl _ 

lOft'F 

( 


i ■ 


c2 - 
10WHF 




— — *0\ 





^^1 


■ (Hit 








i"nm 








C3 


CI 






C2 - 
WOnF 




^10,* 


i 


► 


♦ 


o * 






I 1 ) JUI 

£>*JI u»j4 (jjJjiJI ujLj J4L&4 fJauL* 



( Y - V ) Ji^l 

JljJljIII j|j VIj <eJ^2 15 £y> j"i^L 4_<JaJll iLiAui^M TTj^-JI 4_jl!_£2 jjUelu <jL (JliVUJI tjJJi! 4- *ok'll 
.j ^—1 j a ^jIjjv *JaJ3 Jl i^-SjJ (^ Jilt J-* 3 ^' 2 («iaiil ^j-a-iis oJux- £j£. 

. 2Aj IAj 100mA j^UJi 
100 mA *LmLm1\ : ( o J>M 



78L24 


78L15 


78L12 


78L05 


<r^>*£>>- 


g^il 


79L24 


79L15 


79L12 


79L05 


<_JL-u ?r>i- 


35-27 


35-17.5 


35-14.5 


30-7 


( V ) J^jJI ^£J>2 t£J^ 


0.4 


0.3 


0.2 


0.2 


( % ) J^JI ^tVn 


1.5 


1.5 


1 


1 


( % ) J=JkJ1 ^tv,- 


49 


52 


55 


60 


( C-u-u-i ) ^aIJI Jl±J 


800 


500 


400 


200 


( m£2 ) ^iJi ^jLia 


200 


90 


70 


40 


(|J,F Vjj»JI g-tauLo S-ja]^ 

(KHz lOOji 10^) 


20 


25 


35 


75 


( 1 mA ) s^si jji j_^ jLp 









uLJ$j&l 



1 A 4i,„l,„tl : ( Y ) JjJl^J! 



78L24 


78L15 


78L12 


78L05 


Sr^-^s** 


^1 


79L24 


79L15 


79L12 


79L05 


l_JL-u ?TJ-^ 


27-38 


17.5-30 


14.5-30 


7-25 


( V ) J^JlJI ^pJ>2 ^Jua 


0.6 


0.5 


0.4 


0.2 


( % ) J^JI fukU 


0.3 


0.3 


0.2 


0.2 


( % ) ckiJl fijkn 


59 


60 


61 


71 


( uuiiJ ) ^aIJI Jl±J 


150 


95 


75 


30 


( m^ ) £jJkJ1 ^Lla 


170 


90 


80 


40 


((J.F Vjj»JI g-tauLo 4_»l!^2 

(KHz lOOji 10^) 


150 


230 


350 


750 


( 1 mA ) s^jjji j_^> jLp 


2A ai„,i,„n : ( r ) Jjjl>J! 


78L24 


78L15 


78L12 


78L05 


v^^S^ 


^i 


79L24 


79L15 


79L12 


79L05 


i_JL-u 7rj^ 


27-40 


18-35 


15-35 


8-35 


( V ) J^jJI SJ^>2 ^J^a 


250 


180 


160 


100 


( % ) J^JI (*ok!3 


480 


300 


240 


100 


( % ) ckiJl ^,bn 


49 


52 


53 


60 


( t- i ( iO ) yg-<dJl J_u 


28 


19 


18 


17 


( mQ ) rj^Ji 5-ojLLo 


170 


90 


75 


40 


(jLlF )g>iJl 5^^= s^ 

(KHz lOOji 10^) 


500 


500 


500 


500 


( 1 mA ) z^i jji j^k jLp 



AwljJfiJ^JI 






uLJ$j&! 



isLisl (jjj-^ 3 <j- c - ^j^ ■".' i-slj-Ls^l ^M^JI i-jlIj-aJI c^jLHI < la *' 1 1 (jjo ?:jL>JI jLpJI ^Wj o^ 3 *£ 

.4_jl!j_i!1 LJLxJIj 4_lvj11 CjLdaiU J^lj-i LcLu jLUjJ ( ^ — V) j ( V — V) j\t ^— ,~,tlj . ojj^a jjL.uj.Jlj3 
£r)-»- <2_ c ( NPN ) j/sLuj^j jjlu-ujjlj3 (Jl <n"irnl ( . 1 1 Lajj "Ulljill cjJ^jJLI ^ b 1 1, 1 jt Jl LL& SjLiVl jJ^>o 



.( PNP ) L*j*L* 



jj^.j-iij-ij^ 



I 9 

III 

— ~JL— LlsT! 

I 
e1 JL t 



Vout=5V 
S A maximun 



IT" 
I- I ""T T . 



£j^JI u»5B jlull jj»» JsL£u 4JJJ3J pJou 
( T - V ) JL4I 
60lTlA (j£. J23 (jjJI <— iljLlU OLaL>- jjliujjjjlll ^y^jj (_£?) (_£.iLp£.l J^lAj (cJall I JaJUJ 
(jL=j_aLjj .(j\aj>JI Jl *_<^>Js' jLp J>-*^ y-us^ji jj"i ( iij-iljUJl ?»■ j 1 aaj 4 ojfl H oJJb Jjj^ i O^~ y ' ' Hd>^ 

.(J^l J I U. 1 LlG l_JJ>Oj^J 7^>JI 4_<5jlJL« (J^=LJJ < 5 A Jjj-aJ (J-**- < -^ J ' J'-P (ft^-l"-"^ *jjl jJI 

IR1 

TIP3055 



.; 



T T . 



Ej^JI uJU jlult j jas J*I£d 4JJJ33 [Jaio 

( t - V ) JiAJ] 
(Jj-al^jil JU J L l Ju 4_a_s^4_a Irvl jj"i i i j-)ljHll 3jlj^>JI Jij JljJ j_ilj.S jj^~ '" (jl cr" 1 '-<-& ^^J- 3 "'-'' Cy V" j 

j_^=xj jl i_x^o « 12V fjalxt ja£j ^ » lmj a Ji-JtJ J-«-*-II Juc< Jllll J^u-u cyl^j .(J-oL=JI J-*j>JI 5JU- 4- 

< 5A ojjJa Jaj»JI Lot . 2A jJLu (_Uuv ^IjLa] LdJjj < ( JSI jf ) uLj /* 2° ^^La Vjlsw SjIj^JI .jju* 

.( Jil jl ) Jaj /a 0.75 (_^ fijlj^l JJ^uj JjJulj c^st^ 



AwljJIi'J^JI 






uLJ$j&! 



( 9V - 12V ) Lui^i\ Q\hl\ 4j±M\ oUkUl 2_ L^j! L^Uc,,,! q^«j s^ljJl tills 

Jl 4 V ^l^o 2j^2il ^l>JI <LjjJj£ JjLscjj ^Luls^ A o ]ri) t, I j-t£. jaj-luII (Ji-jJI <LjjJj£ jJ2j (<uj (jl lLsj-lu 

. 12Vc_.jL2j ij^M./Mio 12V <J ii4i,„u,,«.,<UMjji5 <JLitl J.^^. 7V 

4J-& 4- «-S^>o J^aj *J (-.aljlaVl (J&LlJI rfJaJiL SjaijjJll jLjill <j* JjJI 4_lLa£. jl Jl LlA 2jLiVl jJl>o 
' aill 'A- j.cTllu.U jLjUl 4_«jL<Li j_a> ^Jl^oLo jl VI ) 0ju>. (j£. fij^l jJI j uaJ3 Jj£. Trj^JI jLp Jjj\j Jl3j 2jjI jJI 

(J.=j-iIuj (jUju-a aj-SJIIj (Jj^>JLl (jL=3 I jI •( L_jLJ^=xil <-£.LlLi.uj 4_Sj^13 Jl iaLtisVu (Jj^e-cl! ^jjllJI 

. 5 A 43 j Ju2 JjIj-lvVI *J>-<-u j^'r-ia SJa mljj jLj^l JiW"-* (J-* 3 AjLajJI (jjrt->o U^""" 1 <1J <■ <■ > < mLLq 



: 'iuiJ^jJ Sjjjtil uUIaiil 

V ) J^— ■ "<tl (J^L>. (j_a Tc-tisj^J jji I o^— ' ) 4_uLj l_jIjLjJ_> Lai 3 tj j i uj (olaJLl I ?T>i- 4_lL|^2 f-2j j^~ ' < ' 
[jlaLa\ jLstiLI JJJjJI ( ( "I — V) J^xA!! stse-tiajj La=i )jlj_cl^L ZjoiLo lflU-*u j! (<_i) J ( I ) ( — 
U.O V jl JtJLa ^iaJLlI ?Tj^ f-^h? <— 9,3-<-u fC la I LI 4_ CjJj-aJLa j a uaJI i U-^j ljJjTllu.U i La ■■- II £yu f-jjisjJllj 
i_aj_<_u Jljlll (jyic ij^ljus^ja Lj^aLal (jjjLstLo (jj.5jjl jjl (jl La=3 . ( 4_LaLa^?l jjj! jJI <LjjJj£ jl JiILa (j ii ei h m£| ) 

... lj.Jfc-3.Lkj i ' L V jl JlSjo AlaJLlI ^-j a> jl * '^J,' 

jo^af <U jilaJL I ttj^-JI ^LlL!^ •»■ j i aj LjJlIc <jst£.j_a jj^~- " (jl j^-— 3J ( ? — — V) J-^— /:.tl £_ 2jjI jJI 

. ( <_i — — V) J^-i Mill I2_ 4-LiJ-a j-ijj -ijjl-i (Ja.Cli.uj 4-LjtJ 4-2jj_La 4_cj . ^la-Lei! JJ-2-H m^jj^loXI (j_a j_lL=ij 

.ajjjjI jJI ( 2jl£.LSJI ) j-«jj-" Si^j^ (^gjLujj IjIjlSjo ?tj^>JI <^3^ fijLj (a! <JL>JI l jla 2_ 





Vout 
^— |1A is 


= 7.7V 


Vin 1 5V I 
CI J- 


^H -lit 

ca = 
MM 




C3 


D1 , 

Qv-* 


i 







Vout = 5 . 6V 

t!A muimum) 




(V) 



\J}jS f 






Lj^a Ijjjil LlojJ rjidl I ojIVmj 4_ajLla jljJSjj (<_j)j (? ) ( — V )J^-i Mill 4_ jLlLllII (jljjjl jJI 
i£jj*}\ 4_ajLLa I2_ 2j-l<-k» fijLjj ?-Lc-l>JI x_a aljjjl (_,!£. Sj-lCuj ^j^ ^i-^3^ jO^J ^tP^J -^ LtLflJ ^ l^ 1 1, 1 4_<3Jl2j 









uLJ$j&! 



J V ,j-a fij-Ltla rj^><-!l S}-^>^ (jj;"-— i"iru 2J>jJl>J,I a-laJLj 4_i£.jjJI Jlj^-JI ill^LtuVI (.^jjaJLa pjjjl £ys (jj)^~ij 
ojui 4- Q^^ • 17.5V (jyJ'j^ <J| 12V (^JlU (^-q-.Ja TTJ^JI LilJ^aj-LLTm. 12V *ia-La J-caTllJ I jl 



Vin 1 3V 

ll.(K.'.h 



L_ 



E 



( i . v ) jiiifl 

rib-y _?j^' spj^a (_y jL *^ ^W^ l? jl,j j-^ 5 ^^Ujll^i 2j>jl»iII * 1-.MI ojui . LM338 j! LM317 
dUj^o.^M U== ( (2 J^ltlj-^j^,,,!,! J^jJI ^jlJ^J^VI jl^JI u^) &£ Uj30Vj 1.2V ox 

J^xAJI 4- ej-jl JlJI .AjIIj-oJI (^j-iila (j^-ciaJi jbjjl J J!U!u (A — V)j(V — V) gjl^-i^tl J^Li- £ys 

iLj / a 2° ^ Jju^ 3jlj^ _>j^ ^k, lau^yj eyi^b ^oJI) LM3 17iLoU^=ui! 2j^l jJI Jit-uM (V- V) 

AjLJl! Jj-^J (J-«jv CjIjLjj Jiic 13V (_J\ l.JV ,j-a (_LaL=i J^~i uujj^uj ^J^- *4-^.3^ ?-^"J ( J i^i'^l J? 
(Jaj rj(>JJ t^J^a (j-q-iij JjJl*j1! 4l_>LJ2 AjjJjjL jLl<u 5 A 4J2LL3 (^ jlii cjj>\ 1 £uu3 jj (A — V) J^— iSJIj . 1 .5A 

I? 1° ^k Jjuua 2jlj^ ^jl^ ^ 4^ LM338K nial^-itl s^sui <.m^j3 v?y ) 13 V j 9.5 V 



12V i 



^Llsj AjjLLj (J^ta (_L»u (jt (j^-i «ij I JlA i^LLaJI ^ JJui .( Jjii2? jt < tlaj 









uLJ$j&! 



VK' 
IK 

1Ww* 



Vout = 1.5V to 13V 
approximately 

•■ •". ■!• aximUTH ) 



LH317 SJ^LcJI Q* qj£& ^flLnl ^lt ^ju« tjjJjill jjxJ4 ^JLl»j ^iL» 

( v . v ) jiJUl 

^jLa < ■* fljJaJl i_£_sLvl xiIa-La I g^xb (_pJI Ttj^JkJI 4_jj]^J2j r-j^>JI jLp (JjJulL! 4 -Lt-mj j-l3jj (JT i_uj l »i-^p- 
Lu= 36V J 2.8 V (>jLa rj!>y t^J^ £)«'>> JjJ-ClU aJLLS r>i* 4_£i]^2 j^jj L200 iioL^alLI fljjljjl 



Vln 21V 


In 


IC 
338 K 


Out 






(5 A maximum 






T 
















270 
'Awl 


] 












Adj. 






C1 s 
lOOnf 


R1 1 

IKS 






C2 = 
1«of 






_ C3 
^10UF 




RV1 Minimum [\ 

1K ^JJ 












• 


Maximum! 




1 


1 — 




' • 



LH333K 4l»l£nll ijSlall ^L.1 *lc JjanU Jili 5A tfi*» 

( A - V ) JiJUl 
■ OLajl (7 oil aj^ULI ^.LSjJ^I j_lc _L2(J(J 4jLal^-i"ill cjj>\ jJI ?^>- J^Hi *4-^>^ ^-^J-ii ?L2!ul (j ^-i <ijj 
^)Lj_<ji Jiic lzV (_jjLSj Lvj-i- ^^»" jLu^l Cxjlii / 4_jl!j_aJI C^jIj pj^''" 2j-i1-S Li! Cf^d ( ^ — V ) J^— iSJIj 

:£rCuJLi]l (j^Jjitm (J\ *jj&1!1 (>=3laj <£>>J' && cJiilio LaJiic . i^l JjstL~=, 1A ojjil jLp 

eJjii Vout = 2.77(1 — )V ^jJJI^j^ 



f lout max = ^1 a (jr uaSV! ^j»ji jLp 



AwljJfiJ^JI 






uLJ$j&! 













J R3 














OR.47 














Vnut=12V 


Wn 17V -i 


(CI 




2 




(1 A maximum ) 






L200 




















R9 








3 


4 I 




270 

'/■w 






C1 = 




R1 






~s 


ps C2 


lOOrif 




10 UF 




m 








820 


2K7 






p « 



L200 U0L&4JI fljiliJI ^Lal jit i^L 1A- 12V#i±* 



IC 7805 <_aljIsVl JSyti fJaill aI JLaeluib 5V Au»*yi £ji"* ^LpJjB ^JaJll ^ULutJI Sj^l jJI 



.Luaj? 51oU=lIa spb J==lAj 2.^3X1 Voltage Regulator jl^ji ^UkLa *l jiiei^L jl^ji 
FS1 " ' 10V 

1.5A 




5V jJc ^pJI ljjIoI 4j1o&1L SjJlill 

( U - V ) JtAll 

JJ1 Aj^suJI j-ci^v aj-5j ii^^p- 1 1 A jLpj 5 V j^>- (_/b*~ ajJlju SjjIj c)^J ( ^ * — V) J^-i Mill I2_.j 

<LjU=l11I cjjIjJI a^Sjj < 1 V Jl^jo fuilj j^tlmja jLp Ml , . ( j| r.t I jLpJI J.'j— "y C 1 ' Ju^a 1 1 j 









uLJ$j&! 



jl^>. t-jLji.j a^j LED1 — LED2 r j.>.ti ^b jLjjLliJI ,j\-u cj^ljJl <J}L>. ^j . 7rj^><-" 
L^jla Heat Sink ^j'j^ »*<* <_,!£. e^jisJi 4_Jl«ju a>Sj ^ jJI jl^>ji c.ji« e^io 4^09 .*j jJuJI 

: 15 V <uJLjij <j»-_$^s ^S- 4_jl!_^2 jftalaJLLt 4_tla.«Jl «jj|jj| 
. ( ±15V ) J^ foJ^ll <JU^ 5^5 b ( \ - A ) J^,t,tl tjr^u 




( \ -A)Jf^A]l 









uLJjjl&ll 



_>&*« JL^fel I Cux« ^Hw 3jJb 
( Experiment for Voltage Regulator IC ) 

. cj-ftTn-u-U BjJlSJI J.SI Laaja (j_a 



.30V J! OV^^^^s-VDC^-i— sjjSjjl^. • 

.( 150Q -680^)^ ^l^^UjU- • 

.IC78L05Aj^oA. • 



. ( AVO ) l Ja\j£. % $\ -SJuila <jjjLjJa jU^ 



/ 



. 100nf/50v ^^ S 









* Vii 




Voul 


E F 






I 












Com 






R1 = 680 Ohm 










R2-1MOtlJ 




4" 








t 


1-1Hnf ~ 




O -15V 




LE01 1 


^ 


1 


t 


1 


LED2 1 f 

1 



.« 



( i - a ) Ji^l 









uLJ$j&! 



iJjjJiJI jjLua^a (J-*-aj (<u (J-u^ojlJI 4jv_jJ (jylcX Y — A ) J^~- ifuJl I§_ LaJ= 4_JLaaJI SjjI jJI J-^aj ( ^ 

. SjuIjJJj^.mU 

. A&B ^"it-i^ftl (j\i La jTu.<Cl! _^aJ I jL$jv iS u= >3 (Y 

JlC? (<u A & JB (j-Tit-ifiill £ru La jTuxTJ 3AI I jL$jv J-ua^l *u ( V ) J I JL^>J1 jJuua^s JlC? (0 

. ?:j^><-!l 4_ajLiLa 2_ jUI jLpJI (J-o-lSj tl-^po E & F £yt*iUS)tl ,j^_jLa 
.T^iJIjLjJ (_Lte^uJ 0^3 ( ^ ) (*\) (JJ uJl ^' ^r Ts-^J-^ J-*La t_x-uP» Ljj>«jjJiJ J-gpJI <>jLjij_! I Jul ("I 



Vin/V 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


20 


30 


Vo/V 



































( Y ) f&j JjJ^sJI 



Vo/V 


1 


1.5 


2 


2.5 


3 


3.5 


4 


4.5 


5 


Io/mA 



























uLJjjl&ll 



ujJLiil Ja!s J4 £ i>*i)l Ha Law 



. j_<ljel1 JiJj tGLaoJajj ( IC ) (-fltjiaVl 4_u>liS ^IjLJ&lmL Jl^jJI <Jl)UtV<a J-cr. ^42 ? 2)lJLfcll 







______ / ^^jqJ^ ^j 

----- / JLOUII 

X A» c_ijjail ^»-jJJ ^j^I Jl^kJI SlaSJ To _j ^_j jjj J^zj 

Y. \ * * vj^' **J^ c^ 1 JL ^ 1 ----- / ^joil 2i».j_ 


^uui 


^ 1 1 flj T ) , t * i 




.4_ij^j| (J»-!j 4_a^L_J! ciiL<xj.Ltj jlcIj^ (Jjjlaj* 




. 31».J_A (J^= 4_Lj_SJJ ejjLfiJI j 1 '^" Cl)LJ£^=Jtl 4_JjJU0» 




. <JjJU*JI (jj9 L^jl <j(/->l^9j Jl£S*JI OLftJaLa (JJ9 pljjf ^>*^ 




. JL^>JI d)l fllVlfl (jjO jft___5_lll ij_U__3 i_IJ_U5» 




L^ol JL*jjj/I <LjjLi^aj Jl^jjJI AjJaju] <ul*£. SjjIj £j-«i* 
. t£>>-^ J-^J^-M ^^*^ 




. (+5V) Ji^ fOail^xiim '4r <±y>z &+^s 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 



J 



3ujg>&i 3>j?ij jitj^ 



■>L<-tjl ni>ll 



4jit£l! ^IjJtll J^ill 








( Sensors ) 

. icjJll! ,JjJ>~'^\ qmLujJ>.'^\ SJ^>.?J 4J^AjJI (jud^JJsJI 4^jJU3 V 
. jj,"i(i,i_t<\jul!l i ^j\jj>J\ p-ljJljV! aLvVhhI <J^L>- (j-a rfLajLaJtl ^ZLaj^ajjj 

.PTC « NTC « JUd^Lua^ULAt^^ ^ 

i LjJ <^L-uLxiLll Jti-lj l^jlf <L^x»/a t_!jL>u (J-*£.J i (jjj^tl j_jlu-ujjtju]| 






( Sensors ) 

Lo jl ) T oL-uL-iLSeJJ 4jvL>JI Cj_iL=3 I JU, Vji r«-g-« j'-^'-^ (__>^>j-*J-<-<-u (J-uU-uj>JI j^iLo i_3j_*_l (jl (J_l3 
JLc SjjJiJI (jyic JlaIaj I JUk (jLa CjLJLcjlJI ojijj 4_j]alj_a J-a-C jl 4_lc1 LuaJI CjLJLaaJI *-J-*^- 4r ^^~ 1 '*^ ^^-il' 1 ^ 

jii\j ( Physical Variables) a^uMi ^ij^tL ^ fl , ,,j Ujf ^ukJl ^Ua==xJI ^ls icj^j X2j 
( Controlled Variables ) ^--.ti cjIj^;-.^ i^m <;.,.- o^<n oj^ a^uMi oL^Jl tiJ^^La 

(JjUL^J c 4jLseJtJI l X-u3^X\ i icj_txJI < 3jlj^>JI 4jvj.S ' daJuiaJI ( _ y A 4 J*J/ <Jll Ij-iATlI I <-&2 4£La~\ OJJb^ 

.Lij_i£.j 2*.LisVl fijiuij i ^jLj-txJI 

Jl LgJbj^xJ J_& 2^«^.Utl ( ."<! JT^— ?l ) CjIj-l<TlU JUfc (j^Li2J J)j_La]l (j rn-vl (jf JL3-J JlaI^ -aj.c-*JI ^ylcj 

(Jj^>ij (jl i^^p- (._ 1 1 iil-La ^j^^-n (JjjLjS j_t-is_Ltj BjLiiz I tfjui ( < (? mi ^~\g I ) (j-uLjJ2 rfU O-^J Sht^d^ 3 *J*-"i 

tiJJjj * ?/~~ >*£ " "^"""V *J'- t ^! cr! ^ »*». 4_j^j=JI (Jji^o £yi J . ^'<al 4_uj^j= BjLil Jl A-tdt-u-LaJI '"'I jo^~ » ll 

:^3VI cjlj^ai y ^uj^=lJI ZjLiVI jV 
£J3.jj umLia. cjli diLjiLii!! (_)*^><j til! ij j_<jijj <Jj^ uu \-&ju^—i3 (j^-i «ij Ljjj^^iJI ZjLiVl 

■j3jjjo^xJI al jtieiLjiL 4_i1Lc ic.j_.jij Lgl>JL*-a (j""-! <ij <-uj-^=iJI ZjLiVl (V 
.(Jjl jdJI 4 1^ in i^jjjJI iiLfli. t fij-JL-a 4_jjj^=xJI (j^ilj?!! cj^jvf j I tjiiLjiLLxoJLa tiiJi ^c. ^ l^ (i 

4jtjjl^itl (Jliljo^-iJI Jji^rcjj ^J-Sj ( jL^jl ) j i^Ir j-& : ( S (_jjjLjil>JI jjiLa ) (JjjLxl>JI <_t2jjjiILa (jil 

4_Jjl_lA_l=xJlj 4_JJt_LjlaJI '"'I J 0"^— I II (JjjrejJ (»J-S3 (j^iJI (Jj^TtlJI S 1 _i T Jji J I .4_UJ^.=3 BjLil Jl 3j-l*TlI I 

(jjjLjuvVI jLg>- tjru cjL^^IjlJI tcJsjj ( T — A ) J^-i iSJIj aj^L^^s cjL^=j Jl icjjlll 

. 4_jjLj^=xJI CjIjo^-JIj 4_>j| J0J^=xJlj 4jtjjtMI (JllljO^-lJIj 









uLJjjl&ll 



=> 



LF*-^I J** 



^> 






/ >J^ ^^ J^\ 






ijtfLuiatf I jl^A ( r - h ) JLA1I 



'"'I j-T^— ■ II j_l±=xj TtJJJ 4_ijLjj^j=3 '*'l^^ (_,!( 4-iSL> o^^~' Hj 4-iJt-ljIaJI '"'I j-i^~ • II (Jj^>iJ 
liljo^-ill (jt tiiJi Jl (_aLiaj -^Lc 4J2-}J 4_j_<_uLxl». Oli CjLduLiJI Ja^o tilljj I Juv 3jji i^itl 4_jjLj_£=xJI 
. LiJI Uj-^si I <\^—* (-jjjjiLsJI aI jLJr" ( iiL) 4-Cj.-lxlj I gj >■ ? I * a 2j_»^J LJ 4_jjLij^j=JI 




( £ - A ) JliJI 



(jjjLxlvVI 2>4>-l dryj j ua^llj «-^-<-nJI Jiia Ajj-iTa-JI (jjjIj^JI ^Llll (Jjj^>JI c^-03 ' d)L<-^yi i^jJ (j-uL_ajvVl 









uLJ$j&! 



(_^uL-a>-VI jL^" 






^UJI 






- 


C£*l\ 


w 






- 


l^VI 


^ 




^ , ■■JUI ''» ^JjJ ^^~~' 


i^ljV! 


jJl>JI 


^yuM\ 




cA^iJ^ 5 




jJl>JI 




lSj'j^ Jl>^= ^Ij-sjl 


lSj'j-^ Jl>^= 










jLAi^Lj 






*u5J! 



■CJ-uil (JjJw^M (jjiL-oJ^I 2j^>Jj A-j^-iTo-lII L yj\$2*l\ Cf^i (Jj^^ 



.4_jjLj^=j 4J3LL3 Jl 4_xjjjiaJI <Gal LaJI (Jj-^ (j^J' 4-jJjjiaJI aJl^sjJLI L^L>JIj 






(j^jlj^sJI j-LsLuJ Lij-Ji^laJ j«_l 4_CJ_lL« (^J^>-I (J-uLlxLvI 3j^J>~i tiJLLli jj^JJL^l] l _yj\-L.aS>-Z I jL^>- l_3^L>OJ 

.(JjljilJI (J^-uj oj>^ < Jij^j^ili^ (jjjLjuvVI jL$j>- tj^^-ij 2^Lc .aj^-iTo-iJI (jjjl^rti! JjJu^j 4_jjLj^= 

ij|j-l<TlU < d ut^aj (_pitj iUrt*q ^Urtti (jjij>ji (jjilj (yjuV ( Sensor ) (jjjLji^ji 4_*i=i ji ^it^u^a 



( *""'» *jrt£ } JiJjl 



f j^j - JifcO - *jlji *-ijJ 



Sensor 



(*Jij#i *.±*S) sj^i 



( o - A ) Jiill 

BjLiV I S-Ja >JliL-uLi.u->JI p j i •■ S jji LLii I '' n gJ La (jj=Jj .<Lvjl B Jlc ^j-a oLi-uLi-uj>JI a j i •■ 5j Jj^— i < ' 

.Digital Sensor ImSjuUU? - 1 
.Analog Sensor 2b>£tDuUU9- - o 

. Digital Sensor Wa^Ji oLJ,„^ti Vjt 

Off 

Bimetal Strip Sjij^Ji ^j.> j-ti^ ^^ ay^^ o^judi <> ^j^ ik^l^j Electric Heater 

. ( i - a) j^lAji ;g_ u^ 
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(j£. 7?-J-<J^ ^ J .'J j^"" 1 '' 5JjUajj| A-J^3 J <^>'°IJ (J-LI^OJJ ^_ j«J= 



. 4_uJl!I ^ULtj S^L^V Xjlj^JI 4_>.jjJ LLlLs LIT J^'^j J-^j «j^'-i tilta 



^^ 



■AAAn 



£JJ>J-U jO*XI 4 



( 1 - A ) JUtf 

u ( (J-^3J ) (JL^ljl (jj)^~>J 4 i>>rtV ia (jLstJjJI (_)i-1-i 2jlj^»JI 4^vj_i (jj*— l" LsJiic 

.B^Lia^J j_i£ jl JbVI 4_ii jj-^— "'°i jl JbVI S-jI «j-il-S Tr-laTi^ ( Opeil ) AAjILLa 
(Ji2jj r-jJijJ.1 (jJulJLI 4_L^j <3^ t—aj-a-u 4_Llsuj 4^vj_s Jl Jj-iiJj ^yjj^^-iJI (jUtjjiJI '2— 2jlj^»JI j-ii3j-J LsJiic 

j t^al*] Trj-i*-!' BjLijj 2jlj^»JI 4jvj^ (j-iJ 4Ja}L*JI ^--iJjjj ( V — A) J^— igjlj . 4_lcUI ^ ■ '<~>~'°< jl JlJVI 4_J, 2j^I j 
j-aj (J^Llxl>JI £>»■ J-^y y J^^lj ^jLh*'-" ^"J- 5 J-^y J>^' X ^tP* v cr^^^' ?J4>^' ^"d/-"' ) j^L 1 ^! 

Lamp off 2*L^sj^. 4_JLji Lamp on s^L^a 4_jl u.&$ lUa'q (j^u-jS ^ ajL^. 



LM.I|. Sljhti U|l 



Low 



( v - h ) J&Jill 

,1 ^gTn.u.1 I ^_ (JjjL-OJsJI CjLil 4_JLv ^JJ^--" (j\JL^5 Jj>- (3^ 2jlj^>JI 4JVJ.S ;JJ"^~ '"' LaJ_LC 

. level 
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^jTn-u-U ^jjj (JLSHJ^I cjJl^»o LjJiiJj . (j^i^Vlllj (jyJL*-!' (j^jjlLuiil o^ 1 ^* l^V ^>*- *j^-"i ~ i ^3i^3 level 

. ( jJuue i^yaj ) 1 Juv 4_i]Lc ic.J-.-aJ ^LaJI ^^L-uil (_,J! (j^irtVrU 

. ( 4_jjL<j «jL-^| (Jj-« y-jjiis^j j g Laj ^_yjk ) lUti'q ^jajajS LajLlIcI (j^-i <n ^^>JI BjLilj 

: <jl £-^J JjLxlJI JLUI ^ 

4jlLaj Oil jj '^>'° l 4-!Lvj Oil (J-Li^ojj 4-!Lv . 1 La aj£ (j"*-^^** ^ W^J^ *J*-"i jjj^""" 1 -' ^-i-q-3jJ I <JliL-uLcu->JI 

.( gj.MjUiiiljt 4j^ni^jii ) Limit Swiches jl^I ^U* LT ^j WajJi ^L^L^iJ 
tl^p- 4_l*1jJI BjLiVl (jjo 4_»^L». aJLv (j^j (0) j? ( I) 1 La *'« tyCu±j& U ^pJI 4jjLiii]l SjLiVl -2k^\l * 

.JujSJI .>j^ ^j i^l jl^'g (jl o^n<ij Digital Signal WajJi sjLiV! <j! 
Analog Sensors :3jjJ*Lu1IuUUa1I 

4- (._( inLilu 4_uj^=3 2>*" *jL"4 Q^ 1 *" U^-JI (^1 i^jiaLij ^J^- ">jL-"4 u^" 1 *" (jP-J' CjLjiLxl>JI (j^J 
«_a 4_Lkii~ Zjj uaj Lj^j^s L-lluLuj t joiLmj>JI TTj-i- d)J^~ '-' ^J 3 ' ' -^ ' . ' L3 ^ ' ' ^j*^. 4_4ji!l «_o 4_kij>J (J^ 3 

i»L-jj>~. (A — A ) (J^= ' .' L^V-° J-* »^= A _~^ * JJ ' a .' O"^"" 1 'J U-Sj-La UxiiLlu ji <LjJt.ij.LaJ I 4_j^j=xJI 
aJ-Ju «-iLjj-J 4JI 7=_Jsljj <UjjjiiaJI 4_iL>JI 4_ajLLaj (J^LlsVI Sjiui ^jaj 4J2^L*JI tc-Jsjj (? -A — A) J*""i i* tl 

jj>- I (JLlLa (<— i ~A — A) J^~ i ^uil lA^j • 4 -^ a: ^ * JJ ' a .' o-"^ L)^~* '3 • ~ ' "^~"* AJ2^-c)4-ajLSJLl (J-S3 B^LtisVI 

.AjJljla 
( (JS- jJI ) 2jlj^>JI <^J-i (j^-J AJ2^L*JI J-*J (^j-laLij (JjjLlxlv ?Tj^><-! J-^' (Ji-J-' 5 T^-^Jf ( -*■ "A — A) J^— i ifu-llj 
4- J-^ljJ -J ^j'< 0"L>>J i^ljim j j*JL^= J ^j'< 4 ^J,"" (j-a (j j^lj l^j'j-^ ^'jA3' 4- ^J>^' jL 4^'j 

.4_lLl>-j ^-ij-L= AJ2^L*JI jjl J^— iSJI I JUk 
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( A - A ) Jj^UI 



Analog Sensors !L>£Lu)luUUft) I 

: «jl^s»JI £>j-i 1>«^ oL-u L t ^>- 

4_L4.____3 J| 3jlj^>JI <->-J-J ^- J-LttTlJI jl JlS^J (JjiJ^iJ (jyic 2jlj^>JI <->-J-J (_>jLd3 (CjLdjLxLV- (_LsdC J-qTlAJ 

L4JL0 4_lkIjJl!L (_yaiu 2jlj^»JI 4->*J-S o ^ CjLduLi.iL>. (j-a pl$JI cj^c Jl^jjj -j^JlIJI I JUk *-« L-Ld-uLlu 4_uj^j= 

: Lwi jrjdC_^J 

Thermo Couplet £>Ijjs1I£Ija)¥( 

.ijlj^»JI <L>j.s (jdjL2] <£.! Ll^-JI I§_ LjI JljcHlhI j_loLl»JI j i^—J (J-aj-ll^lj 

(JiLo (j^>LiLla j-lC. j? (j^-ai-lieja (J^-ljJlsl^j (jrt^-tl m (j-« i_£jlj^xJI (^j^jJ.1) ^IjJljVI j^j=ajj : 4_la£=j3 
I 0^—1 4 aLelJIjI (JLddijI (J"i t~t flj 2_ (j^^Jj-a ( (Jaj^L r^-^JJ U[H^W )j' ( ?'3J^ =3 J^j'^ ^^~ijj mj (jdjL»o) 

. ( *\ — A) (Jj=lAJI I=L t=_loj^j jj$> 









uLJ$>£)l 




Basig Thermo coup Is 

( 1 - h ) JilJI 

(jiajju ^yfcj hot junction 4_l^LxJI iL^yi j! o^L^i iLa^j *u-uL> <-9>»3 Jl .^."Vi -. u ;;•, ^j^i 

ajljjv 43-J-i J^l£. j| 2jljL ibrt-xj ,_£j^^1 JLuaj^M a]t>?\j . 43j\jj>. 4jvj_S o ^ (-J^iLail i^jlj^JI jJi^olt 

4^>-J-i Jl abdJVI (Jjd^i (^JlvI (jlajJLJ Jj£. i^jlj^JI r-lj^jVI ^jLJlJ 4- Cy -)^ ? ^^— i Jl^v JlJjjj : «LJU£. Ajijiiij 
L_^ul_ilu jjjlll (jr ij-Q~=i3\ Jl^>JIj t 4 Lb^JeJLa fijlj^v 4jvj_S 4- ,_£j^^l 4 t-irtitl (j^rt-^JS L^-Lu < 4_jJLc «j|>>- 

( SeebeckEffect) llL^-cu s^-aLLs ^.uL <-a>*3 2j_&LiaJi ^jl^j t^i^jVi ^pla^j «jij^ ^j-^ ltv Jb-^' t* 

^jLlJI Jl^>JI (jl.2 fljIj^JI ^-j-i S^Lj x_aj eJ^a ^^l j>jJl». 4- jj^j ^jlj^JI ^Ijjij^l 4- £^Li!' Jl4>JIj. 
i^jIj^JI rtj-ij^M 4- ( JlIjIU ) £^Li!l -J^^^'j • ^jl^- W>^ sjLh* 1 -" ^J-^J Jl 4?^' l^> ^a}L*-Mj -i'-ijj 

.jrljJjVI 4- (jLajLacliJll (jJUtil ct^ ( ^ 
.(^jS-Vl liaJaillj ( (_>«Ltlll tiaJai ) ii^Uuil aLsellVl Z1a2j q*u ejlj^>JI ^vj.i 4_,j^iJI (^ 



*UJ *^P~ ( ^ * ~ A) J^-l Mltl I§_ TC-tisJ-a Jjfc La=3 3jlj^»JI 4jVJ-i (JJiL-jJl] (_£jlj^»JI ^IjJlj^M aJLJcTli-UJ 

. ^y ui-Lo jJ I £j-u 2jlj^>JI 4jvj^ 4- t3j-^' ^-^ '- . ' > »» 1— L T L- a -j (j-ul i n-»-l I (^j^-^xJI (JjjLlSjI jL^>- /j-jjJlj 3j_jL*-a ajj^ 



uLiLuJtil 
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V 



lS jI J*Jjf* e}j*3 



( * jl jaJI 4ajJ oubS 41loj ) 






& 



v_y 






o-bJ^^ ( mv ) 



Aj^>JI J^sI^aJIj CjI JsL^v^Ij ? JuuaJI 4_djl_2i L_*-<-uLld (_a^Lc 'A. 4_L^LxJI iijLajJI *-ii»J (j^ 3 <IJ ( ^ 

iilL-u *_a A (JJlsJ.1 JL^ajl aUio') L:r & D j A £rujL*ll (jat^^ll! 4.-jJll!1 SUrtitlj ( (J^jLlUI 4_La2J ) 

I a j « , ^ j f*JJ^ Sjij-^iii <^J-i ,j "* ' ^- (j Ua-fl --J LjIahj (jjjLaLJjl l£1L-u x_a JJ j Jl*JU (Jl uaJlj (jjjLreJjl 

4 t-irtlll ) S JlvIj 4Jaiu (jU-C j^LsJU ^LlJLj LgjjjLia 4_^lM,l 4_lLs_*J1 (j£. Jj)j-*-a Jl»Jj (_3>Lc. £_ 

. ( ajjLaJI jl S-ijLJI 
I g _■ i •■ '" (jl (j-« V J_> 4_L^LtxJI ■* La S *' II BjIjjv <^J-i Jl 3j_<1uLl« (j^jLlSJI jL^>- **-'j^ (—i-i-u-b (jl j^~ i < ' (Y 
A t"irt ill ij\j^>- <^>-J-i I rt j i (i a llcle. lil 3-ijLJI A kaiilllj 4_ii~L<-a]l 4 Urtill «jlj-^- (_yjvj_5 (j\j (Jj-^' (J! 
IfclluaJI 4- L^j'j^' ^JA)"^' aIJlJcTu-uI dilj_i*-« t£J^| (,,-Aj e-Sj^' 
1600 Jl 4J$la <^J-S 200 ) ^Jlo (j^a (j-tuJaj jl (j^a «ij <Gl I i^jl ^jIjjJI ^IjJijVI ililj-xa (j* (1 
. <jLa-"i ( n 2 1 x-jj-ujj ( jr Lai- /tjjjij ji 4Jlj (j\jjjil_Lll (J-uJulII aI JlJt" i iiu (<jjj^3 4-^J-^ 






j Thermistor j>uywji^l 
Resistance Thermometer: Sjij^Ji ^j.> o-" 1 ^ ( ^'j-^ 1 ^jUliji ) jjImm^i ^ I j^ici^i 

<jvj_Sj-Ju «_a Ij_l±== 1j-<Ju l^"oj^ j-titlu 4-a JlJcTli.u.1 1 4-a j LSI I j .ZjJaJLaJI Sjji-S al Jiielu-uL 4_ajLSil 4-ajJ2 (J-uLjJ2 
(jy ic 4jjIj^>JI 4_ojLSJLI (_£jH>oj < AjjIj^sJI 4_ajLSJLl ( _ 3 _c_txi3 4_ajLSJLl j^Laj^Jj.3 2— *LajLJeTLi.u.U 4_ajLSJLlj .2jlj^>JI 

( \ ~ \ ) (J-^j-iiuJI dr*-^ • jjTu-u-LajiiJI (Jius cj^\uus^X\ i— aLua ilj (jjjLsljJI — ( Jj=l : j_lJI — (j^-J^-j-!' i_P-° o-^'-*- 

. 4_ajLSil jll^j^3j3 L_i-j£=j3 

4jvjJl! I fljJo j '«**"' AjjIj^>JI 4_ajLSJLl fjjusjja 4_«jlJLa (jLb 4jjIj^>JI £yC «Ji-J-*-J ZjJaJLflJ I «j-ii-S Cu-)L= lifj 

4_ajLSil *_a SjJalUI SjjI.} O-lu LLaJ»J1 I juk (-i-L^TlIj . Uai. CjjJlv Jl tiili (^-ij^ 4 j-»- t-i i nil 2jlj^JI 

ZjiaJLaJI SjjI.} jjtjJ JlI£.j ( ^ — \) J-^— iSJI 2_ Tctisj^J j_& La=j a — D — C (Jli^L^sjiL iLualLI AjjIj^JI 

Jj-LOjlllj RX AjjIj^kJI 4_ajLSil *_a a Jj^sjjJl! ^yjljlll ^yic J-u^jlll ^t^^M * .3 5_jJLjJI 4_!.}L*11 JjS— "," 

. R3 Sj-tilU 4_ajL2i1 *_a D Jj^sjjJJ ^yJljlII ^yic 

R2 ( Rx + Ra ) = Rl ( R3 + Rb ) 

4_aj|JLd 4_<ijJ2 '4r ^LfcJ*^' U^ '^J ■ ^ Jjua^it 4_ajlJLa ^^A Rb J . a J^ajil 4_ajlJLa <_,_& Ra ki*-p- 

jjuuaja 2jjI Jlj (JjuaHll C (Jj^sjJLI . Ij-JLt-a I U-^-tl jJjtsellJ L^jJIjI ajj 4 J**- La i oJI 2jlj^>JI 4jvj.S *-« t^J^L^jJU 

+200 (J\ Aji^la AjvjJi -200 (>j ^j[pjjILo^opJI (jji LjS ^LLaJj . XjJalflJI fijjl-i UJljJJ <l-I A^^LcV 2jJlUI 

i J^— j^l ^_ Aji^Io Ajvj^ +250 Jl Aji^la <^J^ -50 (>u J ( (>G>LlJL! AjjIj^sJI 4_ajLHI 2_ Aji^la 4jvj^ 

. (j^Lstill 4- ^LJ^ 5 ^J- 11 +150 (J\ ^la ^vj^ "50 (j^Jj 
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OjljaJI Ltjli+JI ^LJ iju« 



. iC ) '^"-* 1 1 L^IljU-u I t'i^ g /* 



**jl t *ll JS4J4JJ kuSjj 



( ^ - 1 ) JiiJI 



PTC j NTC uL*jL*» t u^L»^l aLil uU*> 









uLJjjl&ll 



( Experiment Temperatures Sensors and Transmitters ) 






:<jjj»sll! 2_ 4J$lUJU olj-t^JeTtJI 

. Amplifier ( modul 294 B ) j^=^ jL^ ( i 
. j-ttTu.u.U Jl^seJL! (_>"Lj^ jL^ O 







( 1 . 1 ) JLA1I 



»3ljJ| Jl^>JI 2jLil j_l±=ij Jl*j j-cIujJLI Jl^seJL! (jjiLjiLa <LLa inl^j g3l-<-II Jl 4^' o^^ii 'j'j - ^ o-°L^- a 
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. Amplifier ( modul 294 B )j.^« JjjJ* ^ ^^i^^Ji ^ji! ^ 

<JJj-ka £^c ( (_)ij)j^>J,l ^JiJI £_ 4_cu.g-<-Lll ) *Aju3^1\ ej\j->- ^-J^ 4-*^ ( ^ ) f*^J (Jj^ 1 ^' '^r (J^-^J O"^ (^ 

.fijlj^ti! j^^M (jjjLiil (jjj-k ( - >c . 4_2jJl!I SjIjjv <^J-i 4_a-»J2 ( ^ ) f*\) Jj-J^-" 4- J^-^i O-"^ (^ 
Jaoiia Juu Jl^>JI (jjiLjJa jl-£»- 3 '-^ i '^J.' < _j-ul_SJLl j-aTn-u-U Jl£j>JI 4_a_i£ ( ^ ) rft^J (JjJu>- ^- J-Stj-uj (_>"-9 ( £• 

. 1000 ^^j^ai^^^ 

.jlaLill Jl^sJIj BjIj^JI 4jvj_} 



': :;,— ^;- 



Sjij^j-i 




01 SjljoJI iU-jj 



( r . i ) jLiii 

j.aTn.u.1 1 Jl^seJJ (jjiLJLa 4 La i ul^j /j3Ll!I Jl$j>JI (JjjLSj^ 2jIj^>JI (j^jLjJLj ■* La i uljj <sjlj^>JI 4-^J-S (j-uL23j 
■Jl^~ ' U Jj^J-ka O^ 1 L^j'j^* 1 ^' £J4>^ O-* 1 ?-^^' uJl 4^' cjL^I jjj^-i" JlSU 
BjIj^JI (j^LJLs (Jd>^ (j-* 1 ((jr^m «^UI £- 4_txLAi_<II) 4-L^^JI BjIjjv 4_a_jJ3 ( ^ ) JjJusJI 2_ J^e-<-uJ (j-"^ ^ 

■t3 (\ 
0* 



O) 



3 Jl»J Jl^>JI (J-"Lj^ jL^ SJajjiljJ (jjjLSil j-ftTn-u-U Jl^>JI 4_ftJ^ ( ^ ) (JjJ^>- i§_ (J^tjjiJ (jai^ 

. 1000 L^ l J^j^= 3 X\j u^- 

. }LJL2 ^Ul ^jjj Ct 1>~ >l-J6 j La^Jtj fijlj^>JI jjir-ia Jl»jI () ^ 



aJ2j (JjJ^ !§;- (J^e^jij <j-"^J 'jLh* 1 -" ^J- 5 (j^^'*^ O^L 



. jiaLill Jl4>JIj cjIj^kJI <jvjJ ^ (J=3 
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( ^ ) JjjL>JI 



v/c° 


v/c° 




US' Jb-^' 
C° Ejlj^J! 


C IsjJLlI 


T 
C° 


"aj^kiJI 


j-^ 1 












100 


1 












90 


2 










80 


3 










70 


4 










60 


5 










50 


6 










40 


7 










30 


8 













1 


^jill 










10 


2 










20 


3 










30 


4 



sensors to measure light intensity t M^MSji^L^uUU*" 

.ilj^a (_)^>-*J o-^ 3 f^aJLuaJllj : ( pJlOtO eiieCt ) ^jiMI j-uL1?Ij . J^ii-a Jo- Jl yj iMI *_a (J^lLajj <_y-Jlj 

«_o (_i_i. u Luj 4_jjLj^== iJaLLa J I L&Ac 4-kaJal "'^ ^j '^^ iJaLlaJI Jjj^o ^Li iijjJiJI LJ di^Lialjll oLui? 

Ojui 4_ L C-i- u 3 (j^~» «IJ J-lJ-Lcj 0j_li <Jl!^Ll,ajJJ oLliIuI (j_a 4_jJJqJ3^"^— i II j_t^5l_Lc » J i i a3J ^j ^— I <1JJ Cf.\-U2 Z\ C J-tL 

<— 1 1 j^Tn-uj-i IjoJ I j (Jill JjjI jJI 4_2L=) (j I . 4_jjjjiaJI 4JaLLaJI iIjVJ-uj j] 4_ijjjiaJI >JliL-uLi.u->JI j«_<-uL> j_t-al_L*JI 
4_xJ^i=JVI cj^jv^l ^jj=xJ — rj cgaJI » LaJ3 ( _ y A L^jLajj <_ijLLaj JlvIj — La <^>*J-S Jl ,-j <%. tl «_<j J^iLajj 

. (Jj-AtlaJI olXfl L^L=3 ^LcjlL-uI (jj^-vM Som^ia Aj^ i^-ntl 
(Jj^>o il) I jjTh-u j-) I j3j Cjlj>jjl.i (jj-*J rj <^» tl iliL-qje^a : Aj^_t^a_JI 4_uj^L=xJ 2 1 Bj^jv^L! (ju n^j a ^jLiia J0-3J 
(jn^-itll ) ^jjls J I 4_jjLj_£=xJI 4J2LL2JI (J^»o (^jl-SjjI-i (_ 3 -4 yj tiaJI CjLiLcLj . ^Lj-^s jLjj Jl y-j-JaJI 
(JliLm^a La_ii (_y^J t-taJI jjTh.u j-) IjoJ I j ( _ y J j-LeaJ I JjjI jJl.j_*-al_L«JI oJJb jj-°J 0"*-^ ( ^ ~^) J^~ ' ""' (j! ■ \ LaLa-s 

L^bL^i^i j_ju 4_ o j^j Zjai.ua j-^i_ui ^& ( photocelles ) photo sensors JuS^uJl ^l^l^jIj 




^ ij «^.tl jjILuijaljojl liiLLft I t^ajTg A-t 'j '^'1 4_ajLailj <H mi a Mill 4_jli»Jl t _ y A 4_jjjjiaJI CjL-uLm_->Jl j«-&!j 









uLJ$j&! 



AiLkJ! J>>ojjj^n ^^ jjjb iULca^ Lt a gj.Mo.t.tl -uliJi : Solar cell ;h.,.<iAti L^UJI ( \ 

J I Jj^a^a j_iij ^,1-ijt-iV"!! j-aj-tl (J^y ( ^ -< ^) J^~i Mitlj ( (jj^-iljmJI 2^La ( _ r jk 4jiiio Mill 4_jL>JI 

. PN u^yi j>u ,„^tti jLpJ! ^aj < IL <_^i j^>ji jLjj < RL j^ ^ll* 




F 



I 



4_JL>JI ^yic ^jjiaJI 



( o - 1 ) JiJUl 

(j_a ^i}^ 5 L ^4r_9^_5 J ^— ■**' II dajljj a-lLsaj (_,!! ^-i^J L<3-4 4_uJj1_L!I <l a La 1 1 1 (jyic rJN 4_L*aj_JI j^i 4_n.u.c-iTaJI 

. 2j^>JI '"' „''J^"'^~' '* 'J ' ■ 'j 5-ul 
<jL^ Sj^ljJI C<-U->- lilj < J-*^ UJ^ ".O V <_jjL2jj i (j^i^Via 4_n.u.q-iTaJI 4_JL>JI <LLa i-uljJ jjjliil Jl^>JIj 

(j-a j-l±=i jjlc J^s^j (j! u^oj '\Jj 4_ij>oj^j «j^b 2_ ij^>o (jl (j^-Kij 80 Ma 4_uj ^ jLjiii 

. jLjjJI jl JL^aiil aj^ila^ 4^jS «uf (jyic Jl^-»Q ( _ y ^3 ( (^jljJ J' <jr"j^ ^ fj-^'j' J Mil (("it I (jyic L^UxJI 

jJjjV ^i ) jUi j^i: ^^ >^^ _^i : Photoresistor( <^^i\ ^Lai ) ^y±i\ <_WX< ( Y 

4_o^Jl £■ fl-U 1 Juk / o t uJ A . 4_u_c ' a °< \ i M 1 1 £. fljiiaJ l £ Jlui x_a < i i " 1 *m n *a 1 4JL4 y c c \ utlu ^* j ^ J a ( 4^ 1 L^ 

Jljj3 (JJ-^J ' P J ' ^ ' ' <JUi\jui»- 4JL£LJ L-AjLi3J jlj^J (J^3 « IjLi3J (j^J A_JJ^5^L=lJI J_pJp_L=3 (_p-^ 4jLt<i3jJll 4_JJJjiajl 

LJj ^Jg tla II p^~ ' selil I jJilj.S ^_ AjJeTmiJ (jy^ tiJJ jjj r j <>»tl ^_ ^ >. A ^- '," j ( a^LkjJI ^_ L^LojLLa 4.11^ 

i LjjLaJD <_jI^j^?I tcj^ I2_j ( 4_uj_£==i iJliljLil Jl 3 jj tr*\\ iJllLd^LsJI (Jjj^»o : L^la tju^—y £j\ ^Jjt-i" 

(JjJuiiJ ^_ tiiJ Jl=ij c *.lj_<^>JI O^»o 4juil - (jyJj-ll j-f^. jl l cA>^' ^J '^^ O-^ f)-*-" J-ta^ -^J-? 1 -^ 

— 4_cicjiaJI 4j^-.^M^— jtl tljWI 2_j c jl JlJVI fij-4^1 (J-l<-(Tuj 2_j c I jlA.,.l JlJI »_iJjj j^2 gLJLl j-ul_L(^o 

*.I_ijI 4_La <_ij^JL oJu J-tisj lit (J-<i-*-!l (3-C *-LsLflJI J tn'iW lJi^jIu il i J^sLsJI <_iLuajV t^>- ~ x-lalj^JL=3 

Light ) SjLaJLI IjI ualo^l LDRl^j^-VL 4_ajLHI ^>JlJ j-«jJ J Lg-ol JlJcTl^-uI J^-— ijl a j a^T ^ I > JjJLiltl 









uLJ$j&! 



»l >j ^^ ( i - <\) j^lAJIj Cds L^p.Vb y >^ liL^lj < ( Dependent Resistor 




10 100 1000 

(ft-c) uhXil 

( i - 1 ) JSJUI 
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2U«*£lJ 2LiitD 2UU*lt djJldJI 

. 4 j i ii o i"ill 4 jlArll (^jjiajl (JjjLjusJI (_ya_iLuii- 4_<_ulj_S :<UjJteJj! (jjo i_3JL«JI 



A ^ 



A 
3 



. lJijLIs^JI .sjiaIuj (_>"Lj^ jW^ m 

. 4_n.u.q.i*aJI 4_jjjjiaJI L^L>JI (j-« fijjvlj 4 j^j ' \$J j*^"* 1 ^j^>- ' 
. -ZOkcj I j""^3 fijLvlj 4_<sjLLo " 



( ^ ) aSj Jj Ju>JI 4- 4-^*-<-uJ ^^^ 4_a_^2 

. 4_2jJlL! 4jt_nMl S^LlsVI (j^l 
a-lSJLj 4_jL>JI {j£. rj LgaJI j Juua^J JlcLu (JllLaLtxLa J_lC Jl$j>JI 4_<i_i2 (Jjse-<-uj (J-^J y-J-LgaJI jjLuaja (J-*^J ( £ 

: <Ufrl 

15cm - 30cm - 60cm - 90cm - 120cm ♦> 

. ( v- <\) j^.t.tia.A , B ^jiJi c^u 20Q LojUil j^>j(o 
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(j\-> JlcLiTl!! <&Lmj8 «_<J AjjJjlssJ^^^bJI 4_n.u.C-iTaJI <LJL>JI (j-« ^yVjLixJI Jl^>JI :4-j3^M 4J2^L*JI f«U-ujl (A 



15c 
m 


30c 
m 


60c 
m 


90c 
m 


120c 
m 






,-,l ,„| ,Ml 
















20& ^jLsii 
















mAjLjiii 
















(mw) 3jjl2JI 
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: <La jLselLtjaXI ej^^lj j-usLulI! 

. 1 5 V DC j-ftTm-LQ cjJlJS jji^a ■ 

. _LliJ_y (^jjia Jl>-JjO h 

. Ajjjjis 4_ajlJLa ■ 

. ( 2.2KS ) Lj!LaoJ3 CjIj ' LuaJ 4_ajLLa ■ 

. AVO (j^lj^Vl .SJula <j-"Lj^ jU^ " 









^ 2.2 K Ohm 


+ 




A 




6 DC V — 








L i 






4jjtu3 4jftj'.j-* ^^ 


LED 






KQ 



1_£jL_uj (jjjLiiJI Jlsu AjjLIIJI 4_ajL2il 4-ajJ2 



. a^UiiJI 2_ j<u JJ-«-!l 2_ 4_jjjjiaJI 4_ajLULI 4-ajJ2 (jjjLJiJ (jjjLiJI jL#^- AJiielu-ul (Y 
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KQ 


(_gjLm3 JJ-«JI 4-JLv I§_ 4_ojLSil 4_,i_jJ2 


Q 


j^jLxij a^UiiJI 4_JLv 4 4_ajLsil 4_<ijS 



LJ ^1 <>» ajjA -kf LJ ^Lxia^s jjfc Jjfc ^j daJI JlvjJLI 4_!L>. <_ 3 -&L« *♦* 



igjLmj A 4_Li2i!1 Jj£. Jl^JI 


V 



X ^J^ ^J^J ^Jlc. ^1 ) a>li^l iUl^ 4o-"Lj^' (° 



igjLuu A sUa;tl jtic Jl^JI 


V 



(J23 -^j'd LoJl1«^ L^IIajS j-uJil] (J7 lc ZAj.'^W 4_ajL2il Jla2*3 : 4_j3^1 (JLiLcj-aJI Jo 1 ^— ■ I 

i -i'-SJJ (J-S3 Lg-uij 

J! Jj^sj^J J>jjL=xJIj ' Jl 4 j ^' J! (J-^'J- 4 -^^ L)' (jr 1- *^ '^4^ (jy->J)'^N JlvjJ.1 »^ < >i j LjJlIc 

< ^4^' 

(Jjuaa^ I jlj 4_xjj_tiaJI 4_ojLSJLl (jyic da^L-u jjj <_fJI_L<i (jL=3 iil r,^, 1 ^-_' ^ J j 1 ia 1 1 JlvjJLI (J-*^>-i (j! * ^'■^"' • ""' (J-4 

. Phototransistor ^j^i jojiu.jjlpll (r 

f-jj (j^j (_^Lsl_Lo Cj^Gj (j\lL*aj O- 4 >JJ^~ '**',' ^tP* ' ■ , J.^~D~'^ 4 l5-^'-*-^' JjTu-uj-iljUJI LjLcj 4_uiuj^_iij 
. 4_La (jLjOj^cJ Juvjj^j ^jjiaJI j jIuji ijli IjHJ I j^oj cA^ ( ^ ~^) J^~i uJtj. £)J) ""-> J 1 mil 3.sLs £ys Jr JNr 



uLiLuJtil 






uLJ$>£)l 



^ 



«:: 




( 1 - 1 ) jiiS 

<JLiLJj^l=iVI (j-« Tjj jJjTu-i-u ^ . ,.^-k- jLl>oI ^_ 4_L*aji,l 3 JlcLSJI *_*j><-tl 4_L*aj cr^ 1 rj '^* ^ ' *aj 2 ■ •■ J_Lc 

^yjj; tiaJI jjludujjljjjlj fi*.LisVl 2 Jiui <>.sLjj *_a^>J,l jLp .il.ijjj 4_LaJaL-a]l AjjjjiaJI i^LLaJI UxmJ Cj l^stiJ I j 
. JJJ ( nj-lljUjl ^_j_ljJ=l1]I 4-U-a L>. -S^VjJ r j <>»lt jUmLiix j' i£ ~~ ' ' jJJ*^"" 1 ,' 




( s . . 1 ) jiaii 

ijLa c l-SJustaj . J-al^-itl ^LlJI iUI-i^I jjk I JlAj . » f i^itl '2— icLiajJI (J2J j-<-<-u (jyic. »iaJi]| <_jl_x£.jl 4>^J 

Aj^flj (j -l j ' a 1 1 jjTh-u j-) IjHJ I (J-*-^<J ( 4_L*_ii3jJI ^_ ?tLjJ| JjvjjV ) ^ j j - a I I jjj , ,\j-i\jlA\ ^-Lu (_£ JJI y-j-LeaJI 

^) I gjiMl (Ju^aj ) *_Uj LaJiicj . SN7414 jL^>JI fi-a <jj-S3 5V (_,-Jt_y>- jJjJ ^-tPV ' Jl '^jVLj 

(jy ic 4_pjjji]l ^jj^~ U li^J^o ' ^J**',' JjTu-uj-il^pJI ^jLa < j-li.uJ I (jyic TtLjJVI 4 La 1 ul^j ( _ y J j-L^aJ I jjTu-uj-iljUJI 

. ( jj^ ) ^jju^ SN74 14 jL^>ji 

A.LA.U J-u^ fU < cJjii jJ^ J I 5 V {yt tju!jal\ 2- J^jtlll Ijufe L-aA^aJ <Gp3 SN7414 jL$*JI Lot 
i 100 ^ fcjlS JL^j Sp3» ,> JLu^j jJjj^jJI SN7414 Jl 



: lJ s^jJ3jj{j*--~i II Sj L i - m i I 4 









uLJ$>£)l 



o^J^UJjiliJ 1 =1 


_53I 




B 


^^ — 




1 In 


Qjk . 











^.juajj^iJI * jUuJI 4ff.>d» i-iuuli ( 1 - ^ * J Ji*iil 

,j^~ i < ' (jy^>- L^J 4-^" <L2Lccc<5 I g LtJj Jjj^-LaJI cr^ 1 '- > Jt3" a >J "^~~ >'J-«Jl ;JJ^~ '"j? ■ f J '^" (J I J-Sj i ulj lLjI 2 i " * 

i-^LkJIj i^sUVl ^M^aJI jU (Y-W J^lAII 2_ U^= A < B c^okii]! J>U ZjL^ j-«2 Ujj^ 

. (_y4j ca II (J ; Sj i •■ II ^_ ' " ' I ciajJcl I (j^J (jLlcj^jJtA jjjjjj ^ caaJLl ^jia-Lajl Jj^_c>c) 






■ 



IK 



A iJ»a*^ ..i.i..i 



A A taiiill JlIc 4_j_aLj^l 4_lre-tJI Jj}j-<U isjJjjil 3 LaajJcU 4_j_aLs^l 4^U»JI (j-u Cc9ft]l Jjj-2 ' a ""^ f*^J 

■4lg.j mtl c-jL-ojJ dJJjj B sUs:tl jtic 4_j^jLjVI ^JbejLJI jj><w cjjjlll Ll^jJLj! 4_j_aLjV1 iaL»JI tyuj 



AB ^LxJll <J}L»- ^>j-*-" JJj^° lv°J o^ ctajv^J ( V - \ * ) J^-i Mill 2_ icj.^! (_Lt 



:JH» 



S j-ca 7 ^t"US;tl i yu Aj$\ (iitl t_UJL== lil A-cL-gJI 2_ CjLlcJI 4_Cj_cu t-.ci.ajv- 1 . 4_ulj 0.5 (jLj=J 

7 * 0.5=14m/s 

. i^LcJi 2_ 50.4 km ^jLcojj ( 3600 +- 14 = 50400 ^Lc. / f ) ^jLj ^LcJi 2_ ^j-cJi 

4_$Jlj U.5 ^jLcaJ AB jr}**lU(i*(tl (JO 2jLlco]| JJIJ-3 (j-^j <jcJ=3 lil icLcaJI 2_ CjLloJI ic.j_cu 1_ijjUvI ^(_cu 






. i_30f]| jijj^j aJl^. : 3_*JliII 5JL>Jlj < <_3JyJ! ->$3.j <JjVl J!Uj :<JjV( 5JL>JI - f 

(jjjLJLa ) j'j-S (_>^J^ (j'jJ- 5 * £ i> ui 0-°W^i' .tiJj^cILa ilajj-Ju (jylc «-Ia2]| .SJlC £_ ajLJeTn.u.U f$-<JI Jj-a 
^j-o jj>- I (_uLv ^_ ^ j j - ia 1 1 JoLSjJVI (J^jLlxlvj (_i_iLv ^_ ^^yjjjis jJuua^J *_iisjj ^~£>- ( (j^c-SjJI jj-j-4jj=iLLJI 

ji JJJ ( nj-llj.3 Lg-*-« aJlJcTu-uj *^-^>- Lr^J -0 ' a ^ a ' ~ ■""''"'^ 4-Li.u^-iuJ I 4_iL>JI aI JlJt"i i ul Jj^— • i Ij .jljjJI ( _)*3jJi]l 

aJlJcTu-uj pj-i-!' I JLii (_p-«J .4_jjj_iia j' 1 -^! *J^'-^ Ar ( ** j\j ' 4-ajL2J.I A I JlJcTh-u I I JaJ j Jj^— ■ i )j ) . (jyJLc ' ■ ■ i "^~ 3 

<-l)l rtjjt^t" Liajl Juvjjj ( j_LaJ»JI (Jj-L= ) (j-^^J^- f-^J '^r J*'* tl l_£Jy '^L^ 3 'M aJo^=lU (JjJlJuJ *_<1 Loiajl 

(— l jlLaJ, I *_tisjJ,l (j£. ( dJj^ejJ ) J4LXJ (jl (j-o ' g * *' 1 (j^Jul^j cLajj-ilu ^sLv 4_jjalj_a (JluJ 2j_l1=3 

(jjjLiii] 4_t£l rtMitL (_^uL-g>.VI (jyic ajJi-Sil al Jiielu-ul (j^~i <ij (JLltl Jjj > u (_^CJ ( ejjis JL^JJ Cr^ 1 'J^ 1 ^' 
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( Experiment for photo - transistor) 

(<uj 3-iLc ^jjiaJI I juij •(J- <1 -*d U^"" 1 ^ ejjis BJlcLaJI ?\ V>c\ rfCLj^ ^jjiaJI jjILjiJJI^IJI Lai (J-«s-*J ^^—il ' Jl 4 j ?- 



.PNP 



^^03^ 



• ( lSJ^ Jlh*V 



. DC V j^ClujlA cj JiS j Jlx^s^j ■ 

. 120& Olj . h,^ ^jLia " 
. ( 1W / 12V ) C L^a ■ 



• c^i^ Ji-^J-"^ 



til S^SUI 



■■! 



1W 12V 



( r . w ) Ji^l 



'.(joiLuUlj <UjJtejJI oljiai. 
. ( X ~ > ♦ ) J^ ,1,tl 4- UuXI 2^1 jJI J^j 

. OFF ^yi ilU^Sl ^-LlUIJ^I (Y 
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. ON ^yi <ju 4. S 1 ^-Hiii j^i (t 
.(ON & OFF ^JU^L^u^ j^i^ (i 



V 


^jl_^ j^l OFF _JI <JU. 2_ 


V 


^jl_^ jt^l ON _JI iJU 2_ 



i_3j_LaJI (_^l »_<^>iil (J-Li^ojj ajj (ji '-r^?^ (_? 5 J ' ^ ' ' jj" ' nj-ilj^il (J-li^o^j J_Lc :4_j3^l i2jLc.lj_aJI J <\^—*~\ 

. Jl^seU i-ajJaiJ ilwcLJIj J^*1I 



! ^ *d 



sensors to sense the filling leve * Jil^^L^^LtSuUU*' 



: (JlLa ^g. b .c- 1 1 ^j T li. u . U 4-jJ2lj_aj? (j-uLii] BJljJlC Jjj-Li ^^J^ 
4j^-ij'<L^-ija 4_al^c AjLJeTmiJ *^p* 4_2jj_LaJI JUk tcJsjj ( 1 - ^ * ) J-^-i iSJtj .4_ajLSil J^*JJ i£j)**" "tl jjj/Li 
. Bj-iIuLLa (JjLlxiJI f-Lajjl (jr LaJt_iJ «Gj_jL*-« (_p-o ^ La «j (j-u LuLoj <Lus^X\ 4_ajLSJLlj cj-LtTLa 4_«jlJLa f-\jl\i 4_L^sj_« 
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Compressed air 



^^® 



pneumatic level measurement in an open container 



Machanical transfer 

( t - \ , ) JSJUI 

(J^L>- (J^jLv jLc ji i taj «^« s-La 4_^jj 2I tfjufc (J^li- *_2Jljj 4_<_uLjJ2 -iij-U (JjLlxlJLi 4_>j_ui ( (j u n<* ) (j ii-tlajtj 
^yic JlaILsuj -al LtaJI ?ljj *-'^JI <3^^ uWj-" O^ ( ^J"^ ) t^'j"" *Ui iMIj i tJirOttlC j-tiu^s JpL*- aI-4-^3 

4_jJLc (Jjlj-mi! 4_j_<_uLLo LjJ t* 4_Sj^laJI oJuij . f-LajjVI (Jill Jlv^j 4_^ojJl2 3j_jL*-« ajj jl JlC ji (jjiLjiLa ■* La • uljj 



UJjjuaJl CllL-uL t. t u> Jl A V> 1 hIjj (_gj,"i ,i,h., U 4_jJ3|j_« 



- A-AJJ t^aJI oLmL-uj>Jl aI 







Filling - level monitoring 



a_w__li*Jls->il 
uL_L_x)l 
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. j-l-xJU JiJ_ L^txLaJg __L_jL__>_1 J-4-C <.$£ t dj\dmti\ 







------ / <_jjj__.l pSj 

£ T Y \ JUj_»Jl1 

----- / 4_«}L__! 

X A« c_>jJiUt *_*)-- c^-'- 1 ' Jus-JI iLlu TO _j ju2j JiL J__a 

/ > ♦ « VJ--^' *^J-^ _r--.^t JL>J| _____ / <_jjj_J.| i^-j_ 


J_.L_ii! 


^-u_uJI Jub 




.<__jjj| Ji_!_ 4_a>L__l C-Lwi*- Jicljlt JjJ-aJ * 




. <t_.l^j|j _)o(___>JI 4_)j__a » 




. ijj!j_>JI oL__L__>JI (J-*^- ^Ai-^ 3 ^>*^ 




^^loL^L^I^^ 




. a! MiUt (Ji-I- i-Uj-L-JI __L_L__>JI _U_l £_j__a^ 




. 4-UJiMI (_jL_jL_j__11 <U^A3_1I <_)J_S__I _>A*4 (JjjX.* 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 



2^jjtftt3j^HjjJtjJ 



q^i tMI j j!j^ 








. LjJ ^jLiiJI JLxlj Ijjjlr <J^>o (Ja£.j 4jj1j <i"( i »2 1 (_^a^La <LSjjuo » 

. LJ ^jLHill JL».|j l(jjlr <Jj^><J e!-*^ dljl3»._^XI (_ya^Lb iSjjLa » 

. LjJ gjLuJI JL>.fjj i^jlf 4-£>^ J-*^-^ jj-^-iPb-^' (_ya^vLa i^jjt^a » 

. LjJ ^jbiJI Jti-fj <Lji£- <4>>«J (3*^,9 ( ^ySlalXl jl.uuU ) J^'tl O^ 5 *^ ibjJua ▼ 






(<uj >-^p- ' <LjjLj^4^=lHj 4_jJj^2=i]Vl jJsljjJI <Jl_Lt^aJ 4_JUjlJI jJsljjJI aAI £ys (j^-r-MI j-jljj j-lhj 

. CjIju^jJJ (_^a>.La Sjjb (Y 






( 3>u£ *iL*b«L*Il4J>*£}l ) 

4J)!>£u/V! j^L3 djJb t Vjl 

'2- ^y^k j)\ pLLa^Jl tiJLufc J.& ( 4_lLl^j1!I ) ajjIj-cILjiVI ^ylc < d M.^-itl j^k :<jjj9tl!l <jjuk ^ t_ajiJI 

:5_aJlSJ.I 

.4_L<jiLrtjJI tlj^i-Li^ajHi! j uaJ3 j) pllaiijl <-dl_Lik (Jjj=lj (jl 3 cjjIaJl I 2jjI jJI Jlla " Jlsj j'^"— ' n 1 1 (j-a 

tlj^Lu^ojUJI 4_»u^5 qjs Jl^jQI! * ^j°i S tljIjLiTLvl (J^Li- (j-a ^j^>-»- flJI ^.Ijjvl (jyj-ail jLlxij^U (J^ JJjj LeaJ I (j-«J 

(jlVI i^LojLHI (j^Lia jL^Jv atjuielL-ulj JaJlII I juk jL>ol <JT=l*J i x_lL=JLj .ic^JaU <jv^i!l 2_ ^.j^Utill 

(jj=l^j «GLa I jj « I j .*—■* _slj_tl <LLaiiill (jyic ,_£jS.VI (j-ulJIj (^uLxaJI jl ^ ^Lc <jlc ?L2j| L-LlIc t_J tajj I Juk 

4_2jj_Ls (j_a (J^jjiIj fj-"'' Jl u^jfl (J-*-?^ Ct^*^ 5 J-*-" J-* 3 J^ jW^ a' JLsduduu I Juk j-a J i^t^l JM^v <*' JLseiuil 

. <JLiLajLSiL (jjjLmJI 
<_fJI_Ljk ^jj^-'j LoJ_Lc 4_4j«_i y. LLlc Lj aj-Sj (_y-!lj ( *l~ ^ ' ) J*^ - ' "'^ .' ^-Lu.1 1 4jjlj_aTu.uVI (j ^> a. La 'J-^ (J^^ O-^i 
j«uJl£. ijja yi$A £ys <— aJUu ol I Juv 4 t~tjnM ( "I -\ ') J^-i iSJLj tjr^il 2jjI jJI iUt-i-ie^3 (jl ib-w^U.1 (JjOJ (JLuajl 
(jLaji (JjjjTli-u j-i IjHJ I jib t (j-tlL^s J^ jl-pJ^V I (_,j La S ' jj^~ '"' LaJ_Lc 4JI ti^-p. • UJJJ^ - " l)" 1 l>¥ jlj Sj i uVI 
J-ipJ < ( IjZ/ ) (jj (Utl j i^ir *2_j-L= (jyic 4juj_a <^vj-a J^-Ls J I i_£jjjLj-4 <_jjLZLa J^-i iSu (Jj-t^jllL 
jJ i^i<n 2jjI Jl!I 2 JlA (J-^juj . (JL^ajl -S^tvj Jl j LaaJuJI I juk <j£. Zj^LuaJI 4_oJ»_Lll (JJlJJ . K^riZ 4jljl23J (_£jLjij 
(j^— •■ 1J 4^1^ q"i ( nVI (_^aa>La jL^^ (J-Lia^J ^-*-^J • llTLA. (j^J j"'^~ 'I t-.cTte-i.ujV (jj-*J l.J V oj\ JlL<5 4jJl»j Jl^tv 

.<l1jL!l>.I (_L*r. 

: 4-aJLJ teTu. u .l l _^jusLL«JIj 6J^t»>VI 
. DC V j^ClujlA cj JlS jj^a " 

.(C1 = C2 = 470PF) t^Ui^. ■ 

. ( 2.2k& x 2 - 47k& x 2 ) dj lJ^j ^UjL^ ■ 

.(PB-2720 = BZ)Uij L> . J ^ ■ 

. ( Trl = Tr2 = BC547B ) 6jjjW>jI>j ■ 









uLJ$>£)l 



: <jimJI fij^ljil 




liLa j^xaJI ^-j-La Cr^ 1 L>"L}-^ ( al^-LaT x-iiaj *i*^p- V (»i fft-iLi-u j_ii (_)_& 4_lc ( a "■■^— -It jj^Atl ( j_ u LjJ2 ■j*~~ ' 1 ' 

«LJI (jyj-*^ A^L^J VLa 4_ajL<Lajl OV^ ^° * J (^ '-*' ^ ^>jl m 4JI ^yju j ajuo 4_ajLiLa jl (J-^J-^?- q^"* ' 

. tiJUi lJ^-JJ ( V -\ » ) J^— iSJIj ^-lLi-u j-t£. 

jjJ-aJI (jl AjL^J^? La 4_ajLcil (j^iJU i±*_p~ jILta j»J^I jl AjjIj a"i<nVI (_yiU>-L2 jL$J>- aJlJcIIxxlJ j^J-aJI (j^-r-Mj 

. lJjJLj j_i£. (_^1 rtjl in <GI (_y-*J^ j-a-^s 4_ajL2-a ^iif I lil Lai < lJsJLj (_£l a A '"j^£ 




jIL^a (*J^(' a' Jiir" i nu jjjr^il <jj|j a" i ul £ 



(Jj^jJllj <Ljj I j-aTn-u I 4J Jljj>JI (Jj-ajJlLa '"'I ail lj <_fJ}L<-u ^lj '" - .'J^"" 1 '' f-* 5 *— ! ^ LJ *^ jj»*^ *-a CjJjvLa (_p-aj 



(J-lS L^bjIj-aTu-ul (j-a Ju=Q]l c 



a (J-a-Cn-uJ (Jli^Lt-a jJL I (jl LcjiJ A-jjIj-aTn-ul 4J (J-ujJ ( 7-jj-a.a ) <_aJLl]l 

. LyJI at" ml 









uLJ$ji£)l 



^_ (jaijjj Juvlj ^L>ol 2— (J^=lJ 4-jjlj-ftTn-uVI (j I C 




. tiiili (j^_u ( A -> ♦ )J^-i i*tlj (jryfcUo^l 



^ 



( ft - \* ) JUUI 



x-tiajJI ^_ Jlv jJL I j-LJAjj Lli^LLajJLl ^LlluI (j^j 3 <* j Luaja ( r-JN ) 4-jjUj 4_JLl£5J (j-« Ju^jJll ;jj^"~ '"'J ?4jaJLflJtl 

A jL*jLaJJ jl^>. (j_^=xj Lajuic. (_^f Forward bias ^Lai jLpoV «ll^jjl3 jjjst^jj ^ln*^ (_ g jtxJail 
<JU 4. 0.3 V Jl^ 3 ^^zxIloJI j^jII iJLv 2_ 0.7 V jl Jl1*j K lL^II Jl^v (> ^1 

Reverse u , lt ^c jLpoV j^jii ^jju jlLc uf . on j^j <ju 4. j^^il <jt jlsj l^ ^_ajjLoj.j>ji 

<jl (JL2jj rJlLa 7-LlflA=3 Ju^jll Jajuj 4 A Jut^aJ, I Jl£J>- (j-a (jylcJ K- < U jfl 1, 1 Jl$j>- (jj)*"~ 'J L-aJ^-Lc- (_£| 

. Bj^ljJI jriJJ ( <\ - \ ' ) J^n ,t,tlj 4 Off jJ^ <JLv 2_ Jl^jII 

: 4-ai.LJeTLLtLtl j-lssLLaJIj «j^3» 2I 

.(T = 220V to 4V -500mA) <> Jj^j ^ <a j^** ■ 
. ( IN4001 ) JLill J^lu ^ ^j ^1 ^ jLu^! jljil ^^jl,„ j^j^ ■ 

. ( 47m) i_jIj ( AjLiaJ 4_ujjj^3 4_ajLLa ■ 
.(SI) JLvlj l-JaJa 7-LLla " 

. ( Trl = Tr2 = BC547B ) c^s^^ji ■ 



. (Dl-D2)^ 



>. 2 rj t^all (jCLcLj (jjJUVJJJ 









uLJ$>£)l 



220 V 



N 



ljUr Diodes oIj^^li jLu^i s^Sb 

-wvwv 




( 1 - 1 , ) J1AJI 

. 3j.iA.ua ^LajlJLa 3*-ij^9 

ua^' *_3jJai] K jjjL^xJIj eJL^JI u^ji^iJ A jjjVI jj-^j ^.po 0-L2JI 4-j^ 9 o"^" 1 ( * 




,„^«ii jL^oVi i!U 2_j (jj^i,„n ( 0.6V ) 3 ^UjjaJi ( 0.3V ) z*i^ CT k^ ^uVi jL^vi 









uLJ$>£)l 




Forward bias 









uLJ$>£)l 



( 3>w£ 4*jUJI4j>*£JI ) 

jl$»j|jm's-m 4^1 k} , „L> ^^ t ( Collector ) £**Jtij < ( Emitter ) ^^Lilj < ( Base ) ~cj^[2i\ 

4-Cjj (jj*—ij ( _ 3 -al_a 2I (J- u ^ a jUjl (jl t^^p- (_, ' m^-iC jj (j^aLal (j^Lt-ajj ^.i^jb ^j-a UJ^~ '"jj-^J BjJlSjIj jLjjjIj 

. ( NPN ) ^.n^ttl Ji->uij < ( PNP ) 

. L^ JyJ^j ( NPN) ( PNP ) < oljjWj^l ^}L^ ^^ jL^v s^Sb ( Y- n ) J^lAJI Or^ij 

.250mA -220V/4V J^^^uj^ • 
.P = 250 K£ olj jl^Ij zjoixa ^jLia (R2= 470Q-Rl=150Q)^i i Lj^:^u i L^ V 

. D2 < Dl ( 150 mA ) *y±u ^L, jl*^ S 

. SI JoJj < . 1 LaJS 7-lla.a ▼ 

^ T a 

L < 




^yicl JlIc p 3j-l<TlII 4_ajLSil < U u >>" j<u . C A t-iliiti «_a Jj^a^j^ «_<^>J,I Lai 4 D *_a BJlcLaJIj < e 4 La-5-Lll 
. YjL jl Ul ^jjJlvjJLI JlvI ; ^ liaj (jy^>- LlsojJlj p 4_ajLSJLl 4_n_i£ (JJlHjj ( S r-LLall JjJLij (*-* ' 4^ 4-ka.flJ 

S jL£.La 03^" '■^P- ( Dl) £"JU Jlsw^JLI s^-^j : ( PNP ) £jj £>* jjl^jJl^i n„wr>i <JL>. 4- ~ ' 
J^ti^ ( Y - n ) J^n.t. <JLuoJI ^jll ( rt.Vt 4- e vi^LU 4i,„;lL LJL^, ( b ) jjWpl^l 









uLJ$>£)l 



. D2 j^jII » <\ft i e tl^UI J\ C £-^>d1 £y> c^Jd^ 1 j^ 1 j-*i3 ' on 

j uaJ3 cjjl J «L> ^j^"*- Atl O-^o (_£ jjl jjTu.uj-iljUJI jj'\ (j (tj I Jl£2 < L*-« U.Z j JJ1 ^j-a (J-=3 ^.Ltisi lit _ ^ 

Open ^ «u (jzue-aJI c^ (jjji j_ji^jjij^Ji (j! ^yitj 1 JL42 D2 j Dl ^ ^i s^.^ (*i lit - j 

. ( T - M ) J^-i miIL (jv^ 3 J-* L-4-== jl>-jJIIjI 




( r - \\ ) J&ill 









uLJ$>£)l 



>~jJL I j jILLaj^L! (J^jLlSJI jL^>- 3 La i uljj Ljj-uLjJ2 V<j^- J yl (jjjjTu-u j-i IjHJ I i _yajauLi aJ2 : (JLiuJ 







B 2 JlcLSU t_JLxJ1 (_3j!aJ1 J-^S^J 

PNP jji^j^ip! gji 


B 3JlcL21! (_^jII (_3jiaJ1 J-^s^J 

NPN jji^jiipji £ji 


Transistor 


c 


E 


c 


i_3j_Li]l (J^ajJ 
.*. f | ,U..,tl ,.,11 

E 




Ql 


£ 


Q 


& 


Q 


Q2 


a 


Q 








Ql 










Q2 

















uLJ$>£)l 






^jidii 



fij^l JlJL 3 La2J ^V L3 _2laJil ^jj-mJLl Jl_jJl^c1! Ajiel. 



-jJL> (J—c^o jl_^v j_& ^ alaJLlI jLi_i.ixU 
4 xalaJLlI j^IjJlJI (_ya -><?! jL-4^ p flt-wtl jL-mXI j-ujuj ( <JLsLia_u < (j^i^Arla c (_yiLc ) 4_j_aJ2jJI 4_jjj^Ii^xJVl 

.(Logic Probe ) 

ji (j a a 3e 2 U Jj LaJull 4_JaJLl Jl ^j^"- I Atl jl_i_i.u.U (j-ulj (J-t-ajJ La J— 2jti3 < jU— mJLI (j-"!j J— Ic 4 j * La 2 1 1 4_JL><JI 



,,tfl 



(JjjIjJI (J t^aJJ LajL_Lc I tiajl * 






<jlj » tiaj (jyiLsJI (_£jj_<-ui1 4_J, jLa ( ) ) tJ^Lujua aU?\ j! (jrIL*-!' JjUUI 4.LaiLb (j-utjJI J-t-ajl I Jl La? SjjI jJI 

(j! < jr -Li (J^ I Jl-Aj 4_Lt j^f r ^ .VtV ^^iiicLo ^jIL-L^a Vj (jyJL-C ^jli-nna (JLili C<-liu1 4 LaiLb L yu]j-1\ J uajl 

.4 j(7t-ill,l SjjIJlJI p^j t_<.nt>. ( (j^rtV rt,l L gjTu.u.Uj (jyiLs-JI ^jTli.u.U (2rV fi-i^*- 4 J^- 4_!L>- (_^1 ) ^jli^s BjjIjJI 

: La-a> 4_i A J2jJ| 4 _■ * La 1 1 1 j^ljjJI 2_ VLc.Cu.ul I a <Vj"^1j (jLc^J *s_a>? j 

j^j^J 2_ 4-Ul^itl j^IjjJL ^LuJi ol m-,^ j^L^ij ( COM 1 S ) ^LUI ^ilj ( TTL ) jjVl ^Ul 

OjLji (j-UJ (j^ir^Vi 1,1 ^jILmXtj ^LsJI ^jli-iu-U ( fl ll^l il Uj-C^J i—*-uj£>. 1 g I «J i >i" JjJI 4_dLdL=xll1 fijjl jJI p^j 
^j H-mj aj] ((j^i^Vi a ^j li -i u -a ) JJM ji 0_J^2 j-fl-^a J U.O (JjJl^jv ^f j-j-l*3 ( 1 1 L/ ) j-j'j-i Mj-*2 jJsljjJI 
. ^Jit-iia ( 1 ) (J'jlu-u^a jl (jt^Lc ^jTn-u-a CjJ_^2 ^L.5 £rU Jl^Jv ^fj i ( CjJ_^2 U) 
^jl^JLl J-£l*J >H^2 4_jJLi2!1 J $y 4_<ijS Cr ic. Ji_*l*J ^LfljL^aJI CjLjTi-lu.U jl_2 ( COM S ) fij^ljJ 4_l.-u-L!L 
(_£ jJI ^jI LmJ Ll j-l 1< j Lc-L u ( 1 ) igj j-mj a ^f c-^- c - l^J)~ ""« J-* A_i jlilll Ji^v (j^J 70 /O 4_ajS ^£. Jujj ^ jJI 

. ( (J V ) i_^! jj^o-^r 'ia ^jTn-u-a j(J A) £^C Ji 



ul_jj LajIj (J-t-ajj Cr-^3 ( jl— iTl>.^U 4_<_iJj L>J I 2jJ:l J_!l (j_a I gj <* I La 



i*Lj fi^Lca 



. ( 1 - 1 ) ) (J^~i i"itlj Tc-tiaj^J jjfel 0^-3 4jjJ_»^5 4_p>Li.U d qj dJLLii^j Jl j) j_a j_u^i£ 7^jJij_a 







^o^^* 






lc^: »j.»«* j.^ 




tt^^g 




^StLS (jaJA 





( i . n ) jELiil 

- lot - 






4 ( H ) JLaJI (jr 5la_Lll (J'jlml.l JlJJ^»o Q^<n \fiU,a\^i (j^ilj TTL UjLc <laL=xlll j^IjJlL! Cr lLiill 
. JJu>J.I j_i£ (jr lLaJLll ,J^LujX\ 4_!U*j ( L ) (j^-VUI (jr aLalll ^jfimtlj 



. (±5V) DCV^l^^j^ • 

R7 =82K£ - Rl = R2 = R5 =10k£ - R3 = R4 = 330£ ) clj ^^ oUjU- V 

. ( R6 =1KQ 

.D2 < Dl IN 4148 ji>^^,i,„ j^.^ • 

. D3 400mw/3.3 V j-bjj^j^ ^ 

. LED1 - LED2 - LED3 >*,? <j^l < j^l 10 mA ,^ii ^L, j^ • 

. T2- BC 157jl>PNP^jji^jJl^j Tl - BC 107ji>NPN ^jp^l^s V 

. IC1 - 7486 jljla XOR^bljJ^l^^ji^iLal^a^S^Sb ^ 









uLJ$>£)l 



f f »+5V 




( ° - 1 1 ) J1AJI 



(jl (j^v 2_ 2V (j-aj i^l Jl^jv JlIc TTL 4±aL=xil1 jjIjJlL! ( H ) 4_i!L*J1 IxaLiXI aJUJI j.ll<j 
4jU>j-LLt-La 1:2V ££> La jj.^^t I Jl^>JI Lof . 0.8 V <j-« <JJ3? Jl£>- JlIc A-JxistiU 4-taLlll 4JUJI 
»(_, '^>Jj f-. 1 -"^ <JLv 2_ 1 1 p^j Laj 4-J-JLc 4_JLLiia 4_JLv LjJ 4 t-t f?*t *^a i _y±>%X\ (Jjj^sjj JlIslS B^Jt^ta j_i£. 4jrtt-iia 

. LED1 ^LJl j^jll 

«_ki£ 4_!Ls. ^_ ^jl'ij-^— .j 1 1 i I Z, (j^J (J-=3 (jLs < BjJiJta j-tC <Lt.2la.ll I L^HJLv * LaJLb (j^usJJ (J-u^jj J_Lcj 

x^Lisi ^t-itj LED3 ^<>>11 ti>£.LJi jlv^jli jf La=3 < LED3 * C3 -*iaj3 4_l!Lc XOR ^jIjj ^>^ uj^jLg 

•»■ • • aj ■* (JaAse-La ^LuLLaJo, I L^jJLv ■* La S L (jai^ill i—S^la (J-«^J lijj • {J-t-cajj (JJ^-J (J-"-?*-^ •— ^J-* 3 L Mj-' ^ L -'- c - ' ' ^*,' ' 

. LED2 »j,^,it ti^LJi j^jii ^ C3 -ciaj L 9 £ j ,y» <JU. ;§_ T2 






^__li_i_JI 



uLJjjl&ll 



Ujdill Ja_ J4 £ JftLtl U_ Lmj 
j_J__tljJljJ 



I Ji-!_ LgJLu-a- 4_i_a_=j 4_jjLj^_=xJIj ^jj^__=_V1 SJ^v^I 4_L__J _y____JI j_lj_ : 3)IJU*JI 



----- /&_ 

£ T Y \ 5JjL 

X A' <_ijj_II a_wjJ_ LT J__'I .. 

n- V jj_Jii ^.j_j ^vi _ 




______ / t-ijjuit a^j 

= = = = = / LOUJI 

_>JI *____ YO _j <jJu JuLs J_= 
L>JI _____ / <_jjj_!l l>.jl 


J_L_J_I 


rfUJ-CJI JlL 




.4__j^J| J_J_ Lo^L_JI ClUjLu J-il^j- JfeU-aJ^ 




.j-ilseJll Ji~l_ 4jjIj_}2a__*I _>__>»L_ Sj»jI_ _U-C^ 




. j^-Wll <J_-1_ __|j__3il (jh-j-L- Sjjb Ja-.^ 




■j-useJLI _p ■.'_ jja_ujj_iljaJl 2j_ l_ _|^_.* 




. AJji-LuJIj 4-u*ijJI cj.fl**--"! 




. jjj_Jl / jj*i r njapJl / Jl»-jJLI j_yJL i OLi_>j^&_J! (jAaj (Jjft_;* 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 



• 



2^jjtftt3j^HjjJtjJ 



i 

3' 



2 « \1 w 4^— » t| CjLl^LlSj 1 




n 









Electrical Instrumentation 

: ^1>U 43>w ^ 0>j£jl 4J.U uJUaJI j^Sj i u UJI U* J*lSj U dlt 

. (J^LiaJI jj-^JJ tUl Jl*-JJ <Lol»Jf ibjJLa » 

. (jj<LjJi!! 2J^j.| iUjf>> i3jJ»-« » 

. ( (_>jiUa1I £a.i ) qm\-j21\ ej-^J»f ^- LLxiJI (j^LiLa £Sjjus ▼ 






Electrical Instrumentation 

Introduction : JUoUt! 

lita *-9 pjk.tl ajJilU 4_3t_j2j t 4_lc-A^I j^jj;^ 4-*JL>- (jyic. < 4_ijLj^=xJI (JllL-uLiiJI Ccseoxa f 
4_jjLj_£=3 O- ^ (J^^J (J! ^^^ 4_cl_LuaJI <JLl^?Ljta 2_ £-<-ulj (jLLaJ <jA^- ^J6^~~'^ aI JiieIL-ul-2 .<JLsVL>J,l 
l_£^ 4_oj^UI 4_jjLj^=iJI I'll^o^—tl JjJl=»o 2_ / 2 ^jQi itl 4_jjLj^=JI i"<I ...IjStl I j A" j tjlj.qTu.uL Zjj Laj a 
(jjjLJa ij^-1 oil jj-a 7=-J-^5? < 4_jJj^Tt^xJ V I J 4_jjLj^=iJI CjLjiLJill dlVLsta £_ *_jj^xlJI aJlSTJl! ^stjTuj .(jla^C. 

: UbJ! 
. Zj^Vl 2_ LLaiJI ^Li* (t 

< 4_a^L»^3 (J-uL»^ fijLVJ J! 4_u_ujJL (j^-'-uJ f^J-J O- '-^' '^ L -* j' J^ILa o-C J^*^J .jl JlSII I§_ LJ Aj^LlxlA (jj)^~>"j 

< J£.\h^\\j c ^LtJ! ^_^pil JjjJ! ^LkUL ciibjL^I 4_JuaJI ix^UuVl cjlj^yi Jjl^IlJ LJLsw J— jj 

• 6-^P' cH^H^ <LuliJ1 H 
• Cy^J-^^ 31 ^ J^J-^ e Jul (jjibJil j-u-a^l " 









uLujji&ll 





t5pll ^JjjJI ^ UailJ a^L-V! oIjl* 


^JtjjjOJ ^Uiijj (jyJLlJI (JjjL>J!_5 






ixu 


L-Vl ci! 


J^yl 




2Jlv^JIJ_<jj 


flJu>^JI rfU-ul 


L^j-^j 


4_i*j=x]1 


f 


m 


( meter )^l» 


1 


Length j^ji 


> 


kg 


( kilogram ) ^1^ 3 h^ 3 


k 


Mass 4i>=nii 


Y 


s 


( second ) u>\$ 


t 


Time <>jJi 


r 


K° 


( degree kelvin ) 


T 


Temperature 2jij^Ji <^j^ 


i 


Cd 


( candela ) ^^i 




Luminous ;»l,^,,,Vi sj^i 
intenity 





A 


(Ampere )j^I 

4.^1 


i 


Electric current ^Lj^ti jLUi 


1 


V 


( Volt ) cJjis 


V 


Electromotive force 


V 


C 


( Coulomb ) ,»y_^= 


Q 


Quantity of charge iir^ui ;Ua== 


A 


Q 


( Ohm ) fi i 


R 


Electrical resistance 


<\ 


F 


( Farad ) jijiia 


C 


Capacitance ^^ji 


) « 


H 


( Henry ) ^j_^ 


L 


Inductance ^IjJ! ^>J! J^u 


n 



; ***** A^- 1 i **s 1 1 t~\\ tj v3^fl '***' A/* 1 « ^s /\ 



(jLmJI 0) (JjJl^JI cAJJJ ■Zj-iTa.'tJI (JjjLji^? fijuvl^jl 3ju>^lJ 4_JjLiaJI 4_J_<_u^l ,_£jJi]L XA t"i > nVI (4JJ i 4 iVmJH 









uLujji&ll 



( > ) ^j JjJu>JI 



Jjipil 4JLL-JI 

Metric Prefix 


Power of 10 


Mega ( M ) 


io 6 


Kilo ( k ) 


io 3 


Milli ( m ) 


!0" 3 


Micro ( jlx ) 


io" 6 


Nano ( n ) 


io" 9 


Pico ( p ) 


!(f 12 



. ( "10 • ♦ ) < ( T ' ♦ ♦ ) l^jl\ SjJtuJI ,sJA SJVjlj aJLUI ^ISjVl J^ : 1 Jtl» 

3000 = 3 x 1000 

= 3x io 3 
= 3k 
6500 = 65 x 100 

= 65 xlO 2 



.( ? 3 \ 0.68 c rJ 18200 



.j^o! jljo^l^C 1327) .y 

. fJ l ji^i^L^ (8.2) .r 

. »jl LLw jj ^jf^i^ ( 680 ) .i 

^4 1.327 < ^4^200) 






0JlAj.lHJJ .2jLiitil 2 Jl>_jJI Jl 4_<jiL2il 4ja^-i II 4_lxxlJ ^^^ (jjjl_ii]l <-5e_»Iu (jj)^~>"j < 2 Jl>_£=j 
2j_$jvi 2j_jLjla ^_ 4_ajLJcTLLu.U (JjLjijJI (jyic J) I Lajj . Ll<jjLjJ2 IjLl*jj t Aj^-iTu-tJI Lijljjvij < I j" A <- I . %. *j < 2 Jl>jJI 
4_JL>JI < lg"il"iai (j-aj .AjjLljlJI (J^LlSJI 2j^j>.ij <x_^ljJ.I <±uj\ i A^Luj\-jbai\ j_ul_*J.L LglojlJLaj c 4JLJ2Jl!I (JjjLlSJI 

.tcJI i l"j lj^-Oj^-LLu-i3^-iJ I j / i"ilj" ^j il Al-<.tlj ( AjjLlsJI L-jLajLallj <4jjLl*JI 

4_Li.u-UjJI JtJvljJ.1 ajLJcTu-uJJ ( 4.JJJU (^j^lj t 4_Llu-L:j >U>. I j-a Jl < AjjLjjlJI (J^LlSJI 2j_$jvij Jtjvljj.1 p . .. A "j 

JlaLlII £_ 2.sLc Lgj 1 b A" -»oj < Aj^jLUI AjjLiaJI (jjjLjiJI ej^>-\ 2jjL*^sj ((jjiLxiiJI l_jI Jlvj TrLul 2 jLcl £_ 

. <LL3b> 4_l<j<LjJ2 i_3j)jJa J I I gi-ui ■"" r-Qj>o il t L_jljjL>.a.U 4_La jjjjl 

(_3jjii]1 (jaiAJ Jl Lijlj^vl r-Ll>oV Jill < 4jU All L_jljjL*J.lj CjLluLlSJI I§_ ajLJeTm-u^ i Aj^jLl!! x^ljJ.1 La? 

. iij^jjl Lm-ajjil f-^ljil Aljiiel^L i 2j-jL*1I *1j^-I JlLc L&j^Ijj ,»j>Lll 4;.,^tl ^.l^LlSJI 

: J I < I gi-iji "■" i_3j)jJi ^tP* 0-* 5 ' ^j^Ll!! 4jjLl*JI (J^jLlSJI 2j_^>ij jtjvljj.1 ^ . .. A "^ 
Jill < iLtx^LxL^JI 4J1JL1JI (jjjLJiJI 2j^jv|j < 4jjLl»JI x^IjJLI (j^j :<^UjlII ^LiU! 2j^>lj «j>-ljJll _ I 

t(_LaL»JLl (_L^I-S L^al JlJcTlluI 2jj)j_ii3 *j>j_jj .4_S_i£jJ| jj^LlSJI 2j^jvi 2j_jL«JL ((_LaL«JLl (_L^I^ aJlJcj-i-uJ 

4j>-j^ cl^p> (j-a L^£ (0-=^ se^Ji Q-^"" 1 *>J ' ^-4H t - a ^H-"^ '— 3jJ-k t ^^-= > ^ f'Hj (j^ V-?^i ^J* ''*'" U^ Ji 

LglSjij <2JljIjJI 1 £u i iiLi.il>. (jl I o^—i .1 g!Lutj!u-ul i La u A-> j 1 1 g m^-ij3 ^ISj^I^j (ij^iajJIj t2jlj^>JI 

Jil (jjJI 2^jLiJI 4_l3L>4=xJ1j 4_LLxL±LaJiII CjVUJH 'J^*J 'J-aLUI Ji-1-i Lg.LL4.L~uJ ^IL>o ti2jUJI 

2_ ^JlJcIlluj .4_mL mj> . <j-"Ll9 2j^>lj i ^±3^\^ ^jL^ 1 J-^'j- 4 ct-*J '^di^^' (jjt\jual\ 2j^>|_j «^>ljJLl _ <_i 
(JS 1 j-p-tj I gj a S ^jlJ3 tiiJjJ .^l^luTlU i_3j)jJa (_^I Clj>iJJ <• (jl ^— i a (_^I ^_ 4_2ll3JJI (J^jLlSJI 2j^jvi 2jjLla 
al JlJcIujiL ((JjJlJuIJI (^ jjia j_l*jj Lajilc Lg3*.ljJ2 >j> uaj (j ^-i a 1, 1 ^j^J .a_AaJLll 2j^j>.^?l 4^21 £ys 
a I JlJcTuji^L! TnJLuaj ((^Lflj 2j^jvi 4jjji (jjJ-C 2j^jv 2I Jui ^)^**.' * *' ' ^"j? .4_aJ0icJ,l •»■_;■>■ coHll l_jV jLiLA 

.jL=^a ^1 4_ 
,_£jlLuLa 1 La jj a (J^Li. £yi S-UUj ^^~' il 4 ajl S »1J (J^jLlSJI jL^> da-uisj 2jjL«j5 ^j^~' 1 ' (JLlII Jjj i u (jyicj 

: ^yLl a^—3 (JjjLlSJI (_Ll2 jLgj>JI da ur> (<uj (jl (_l>j (jjjLmJI jL^jLaJiic. l£1JJl=3J 
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.J^ajLLa if jLjj if Jl^^v L#-<-uLJ3 -Slj-tl 4 t-i rt 7 1 1 Jjfc 
.L^uLS ^IjJLl AlaJLtil u fll^«tl 4_*j2J| t^&La 

(j\jJ ^LjJI (JjJl^JIj . jL^>JI 4_o^L<jij <_illLo}L<-u (jl a-JaJ (j-uLiSJI 4_JLc£. 4- *• JljJI (J-lS L^Iaj-iis ajj (jl S-^*' 



JuuiyJI 


>^l 


c**«lj 


_L 


Jaal 


i — i 


60 JjU 


X 60 



Error Sources in Measurements ciLuA^i *^ 4. *tl^Vi jjLu»* 

Jjjj-La (J-C- 4 -4 Jt -° <^ll JL»*J (*l k'.' 4_JjL2-« 4_<jiLSJLI 4_lA^jjL! (jr aJ= p J J S3 4_JLa£. ( _ 3 _li (J^jLlSJI 4_jJLc£. Cj-)L=3 Li 



: Ju ( Instrumental Error ) ^Lail 3^ jLu3 J^l^ - 1 

.( (jr^J - iSj-kLU ~ c^^j-4^ 3 ) : jU^J' ^ 

( 4_L*^iyi s^lj^JI <j-a L^jjJaj 4_Ll2Jl!1 2*1j_2J1 (jy ic jL^>JI cjjl fJJ^a ) : jL^>JI 4J3.S (V 

.( tiUL^Lo - fuJL^, ) : jL^>JI aJU (V 

.( JljJl>- - ajJi^ ) : jL^sJI j-*£. (£ 

: Jla ( Gross Error ) jl^li ajlsbIuJLI o^^ail jLld J*!^ - ^ 

. (_^aje ifuJI j-la-i A3-S ( ^ 
.(jjjLmJI 4_lUjlj (j^iV Mill *.I_l1£.I (Y 

.lilJi zLtlj^j ^LiU u^uLii! ^JlaU ^^i^iJI jLp^l (r 
. ( Environmental Error ) Ju>.jU. <>lj^ - £ 

j3G aJi-CJ I j 1 uLiJa -iij-U 4_j^j=xJI (j^s (J^jLlSJI jL^>- Vj^ : (_P- ^ allaeJL I (J-ii-iIujJ I i_3j)jJa (Y 






L«_uj j-^-^ >j a "** "' <j-°j j^-^ J'-A^t Cy 6 ^j-*-*-*- 4_<_uljm 4_4 t lSJI ^jj^~ •" (jl >«j2jji,l (j^i '^V^j 
4j(7jrt-»JI 4 oj^ll (jyic (Jj i^i-»JI i i* i^i\\ jj^a jjLa I Jylj < aul>-j[s>* JjjI^c (j^a (jjjl_ii]l i_aj)j_tii] 

(j uLtflll 4jl2jj1I ^ q-t-flJ 1 j-LLtJ A jLSellmJ 4_JL><JI 0jui ^_ (j-=xJj ^j uLxflJJ 

U LJL£ ii^Lsii i^tiJl jVj ■4 <i s <i s«Kii u^Jlja^U(>a Vju ( Expected Value ) 

Juij ( Error ) <j-uL2J1 4- Ua^Jb ^r^-^ (JjbjJI I J^ <jj-2 < 4jl2j21.| 4_<i_L2J| <yc cJiiiio 
: jyZ2^jl^i\ ,_£JlvL> 4-Lc j-l,lCl!I *uj (j^LJLJI 4_Jl«-c. £- tiaiJI 

. ( Absolute Error ) jiLdi LLiJb ^ „ , ^ 4^k 2j>^ 4_ui j^u j! Ul ( \ 
. ( Percentage Error ) LL^dJ Jb^l 4,,,,;tL ^ * , ^ 4^ 4,,,,;^ jT (Y 

: Ale j-uj»1II ^iij^-ij (j^LiJI 2_ f U-^tl 

j^ijl 3jfl^n ( True value ) uzj^ \ u^i ^ ^u^vij? C7 r t mi j! jlL* ±& •. ( Error ) LL^ji 
( Absolute Error ) jiLdi LUiJi Lufcj LLiJi j>^j ^j-llClU jl-.iw^ ^Liaj ^LUi 

. ( Relative Error ) uV ,rA\ UaiJlj 
: ea ) Absolute Error ) : ^LiU jikil IU^.11 lJl^ 

e = Yn - Xn 

. jikJL! UaiJI : e 

. (j^Lii! i«SjlLI L»o2JI : Yn 

. LL* iL^LSlI U^JI : Xn 

. er ) Relative Error ) : ul ,„»tl tU^tl t^ju 

. (jjjLmi! 4jl3jjJ,I 4 ojMIj (J^LlLU (j \ t~> t, I l_Lai»JI (j\i AittuW jjk 
e _|Yn-Xn| 

Relative Error = ^~ ~ Y^ 



Percentage Error LL.UJ ajjUli 4,,,,;tl «-.u>*3 

. Aj^fuJ 4 j Mii^-i (j-uLliill 4jlJ2^-lU 4 fljMlj (jjjLii! (jlt-ill L__1->JI tj*U 4q.L-L.JI ( _ y A 

: (jyJbLi—s LuJjLjj 4-2^L*JI _>q_-. (JjILcj ■j^~ ' "i 'J 
e , AA Yn-Xn ,____ 

Relative Error = ^ x 10 ° = | Yll | x 10 ° 

. ^ji^jiii 4_cq2JL i^Lsii ajc^21\ jjLkj ^jla (_,_& : Accurracy ^Liii z&± i ~^±> j ^ 
. Relative Accuracy ^L-UJ aUwji Sjj| l^ju 

■ ^LJLU 4jl2j_lU 4 fljMlj 4_luL2UI 4 v^l (JAJ 4_u-ai!l (Jr 4 : ( A ) (j^Lm.1! 4q.i_i.alJ I 4J3jJ1 
: ^yjj Le>-= LllsLj ( A ) jjjj\ Jrtll 4q.L-.alJ I 4J2jJI (JjJ-C-i (j -=3 <1JJ 

Xn |Yn-Xi.| 
A = = 1 = 1 - KelativeJl rrnr 

Yn | Yn | 

. (J-uLl-LU 4q-LLoi!l iijJI ( A ) : (-t-_p- 

. Percentage Accuracy o-LaJI GjJ o^sxi 4,,„;tl l^l^ 

. 4-J^!lO 4 _■ i ■■ ''-—-■ (j uLl-UJ 4jl2j2lU 4 »q2Jlj 4_luL2U,I ■* »j-flJI (j"4> 4_llo1!I ( _ Jr A ( a ) (j^lqi-JI 4j2Jl! 4-J^jJll 4_lloIJI 

Xn , rtrtn , Yn-Xn I , rtrt „, 

a = = 100% x 100% 

Yn | Yn | 

. (J^LlSJI ^ajj 4-J3HI 4-lloIJI ( a ) : tl^p. 
: JH. 

4_luLL« 4_cjJ9 OJ-4I-.I C-LluLloJI (jl V} < ( 50V ) ^y-k 4_AjLLa (_aljiat ££J JL4-S-U 4jL3jltl iUiqiJI L_-JL-=J li} 

: ^U l.navl ( 49V ) LkjjLS 

. LL-UJ iugSJLt 4, t n«;tl (Y 

: ^jLluj jiUI UaiJI ^ 
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e = Yn - Xn = 50 - 49 = 1 volt 



50V - 49V 

Relative Error = - M „ x ioo% = 2% 



50V 50 



t^gjUuj LLiell ^Lj^lli 3-mtlII * 



x (C^Luu 4 i .i ( -i?t l SjsjJI ^ 



oil ^^ ct^p. <jJLiII JjJ^J! tiLJIj 



( / ) cijLSII i^l 


jl>J! 


aljLJelujVI 


f 


±0.2 


0.2 


aIjJI (^LlLo 


\ 


±0.5 


0.5 


ct-"^ 


Y 


± 1 


1 


Lt ^Ll1II (jjj 


r 


±1.5 


1.5 


i^u 


i 


±2.5 


2.5 


i^-jUJI jjj 






(jjjLmJI jL#^- J-^i 4_<j<LjJ2 JlIcj i 1.5 A oj\ jSLa 4_jjLj^=3 4_aj|JLa 2_ ^Lj^^s jLjj j_a I jl ^ (_^u 
9 ^AtSJl 4- Haiti] JbjStl Swurtlj tjikXI tlaaJI 1»jS U^a>l . 1.46A JjUj ^5 
3^LjJL 4_ajLSil 4_ft_jja ^-3~\ (& tljLajl rtolt ^3^' 4-u.u-iJI Jp*ji J^-i iSJL Tctisjil (JjJl^JI (J^L»- (j-a Y (jj< 



L^I]L^2JI 


CjLjJL 4 »-LflJI 


( 7. ) cjUUI Wi 


4_ojLSJLl 4_n_i£ 


? 






5% 


iKn 


) 






10% 


100^ 


Y 






0.2% 


100KQ 


Y 






5% 


56KQ 


i 






20% 


4^ 
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. >uaeJLI JiJ.> &L_xJ_3j ^Lj^=JI CjL^LiJI t 3jlJL*JI 







______ / ^jjQj^) ^j 

----- / ^UMaJI 
X A» c_ijjuX! <*-jjJ cyJ^Vl jljkJI aJ___ To _j ^_t_j j_u <J^= 


.LUUI 


^ < ^"i] , t * * 




.4__j^j| (Ji>ljs i^L-oil oLxj-ltj jLctj^ 3-!^* 




. (jaiLill JS^JJ iZi\s>~jj <A_aJ| <3jjLa» 




. »J_UJ aIiAtt'imiVI (J4S ^^LiaJI «3^^' 't^ji^> Ajifiji^—,* 




. qmLjuoS\ ej^»~\ i§_ LlaiJl (j-u LtiLa 43jjus» 




.(jjjLuoll <L9jJ <u13L*!l!I (joiLtiJI S^^.? j-j^j <LuLi^> iajjus ▼ 




. (^JljJoJt Qja Ijj-^aJ LiaJ»JI 4_ci.f.u ^L^j^ <L£u VI (_>^*j <J*-- 




.cviiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq(]ll 



2^jjtftt3j^HjjJtjJ 



^,-^jJIj ^yJjL^lI! (j^LJLl! Sj^j^i 








AiaUUI S-b-^JI ^JUJlLAyaJI ,1*— ill 



(Measuring Instruments) 

.L^jIj_wj9j ixaJSjJIj ^LJjL^UJI ej^x^U (J-aJtil Aj^kiJ <Lbjjuo » 
.■LajLLUj jLpJIj J^^JI (jj* J*"" 1 ^ 4_t^SjJlj aJSL^jJI (j^Ltall eJ-^H aIJls&Lji! <uLjls 4J3jjus » 

. ( Seven Segment - Display) <>jjdi ^Li, oli^ si^ ^ 
jj-o .i-ipJI <- >l i >o>j . UUc Vm j Vrms j^>JI a^*^ j l£jj^I 6-^0-" ^^ ^.uL^s ^j-*-* 



iwUlfiJl^jJt ^JUJlLAyaJI ,1*— ill 



(Measuring Instruments) 

:2ujl2JI! 

= 1 jf 4_jJjj^i^=iVI jjljjJI *.Lb '"'t/'J^" 1 ^— 1VI jf ^Lj^=xJI (JL*-« 2_ (j^a^aielll (j^uaJI JljjJ LaJJ-C 

3_Ll*-« (j^LjS Sj^»-I aIJlscIuJ J! ^Lbtj^u 4JI JuV «Gl2 JltirVl aJJt ^JLjloj jLlTltJ <J}L>. £ys < LyJIt-if I 

Jl ' ; 'J; kaJI Pr'-^*^ '- j0 lP-* 5 ' 2jj|jJl (j^J 4_LL«-a JoLaJ ^_ 3 jj I La 1 1 (*J-Si' ^^ L - 5C -^J (JliLt-ajrtjaJI oJui (_)-«-*-! 

■ 4jjt-itl 2j_£j>w^l (j-a Lij_i£.j 2jlj^»JI (j-uLp jL^jvj Ja-j ilail (j^astia jL^3t=3 ^^^JsjJLI (j^-r-rt! Bj^jvl 

( _ 7 _A 4_jJj^L=lJVI jl S-ijI Jj ^^~* II j->'j^-^ (_v a - 5e -^ JJ-C L^jic j.~3j_i (jl <-;-i-><J ct^' P J * ' ' J? <^iL-"-uLj-Sj! rt-&l (J-^J 

J-c-*-!j .4_jjLj^=JI ojjLHI 4_a_jja till Jlj=j ^Lj^slJI Jl^JI (Jj^i lt-'Wj-^ 1 ^" jW^' * JL "' Cy* J^ 3 o-"^ 

. ^bjo^itl jUai ejui ^lsj ^jVi.mjj : ( Ammeter ) ji^Vl jl^ ■ 

. ^Lj^tl jl^i j^ t^uai ^jiar.'i.u.j j : ) Voltmeter ) jOx^^aJi jL^>» ■ 

. lajUU 4^ o-uL^ ^ajeiuu j : ( Qhmmeter )^LujjVI jL&>. ■ 

jL$^ 2_ i^i^o ^ls zj^jv! 1 on ^ ^jLui^j ( Multimeter )jH«nUl /\ c ^\ J i.^\ juuuii 

(JT Jjl_clll jTilc-llUL Cj? Jlj iLu^j 4 ajqie/a (Jl "-—i mi I Lg-La j-^laj Cjj^Lajj (_L->Jj_a 2 Jlaj 2J^j>-^?I 

Digital Multimeter(DMM) ^jJlj^uiUL. c^Hlj ( Analog Multimeter ) 

4_lcJ3jJI 4_ilSH!l «_o jIL=ii jjlajj CJ^\-us^X\ ^l_Lilui 4 J *' Sj £jli LaJ x_a JajnJLo J^— ■ 1H1J ^.l^^l JJ-La3 iNi-^v 

c_JLi!l oli 4_LbLii!l 4_jjLjj^=iJ| jj^LmJI Sj^jJ (j?>" ^yj^ *^°j *>^ ^-^ ^l-i-* (j^-ij f<U i ^P' 

4_<_uljm 4_jjLjj^=xJI 4 J-l'^— ■ II 4_4Jj3 (jt JlC. j_i1ujJ,I L^Ij^>oI 4j^jlj (Jj.3 ^-^ ' PJ^J^-^'j J-^J-^'j tiij^ellll 

fij^JV 2 I (jy^S (J^jLlSJI fij^jvi (j^J jj^VI fj-<il Lai ' ( 4_jJDLcJ ) 4_l^-i.uJ tll!?.Lv LLli (j-^J ( L^JCl-C-1 ) 

(jJiLxiJI 4_J_L2jJ 4j^-|j"L*U-ul *>4*"l C7-*J J~"J^'j Jdj^^'j 4L=3J^»JI £ys 4_jJL>JI 4_jj^p^iJVI 

(jy ic (jjjLxiJI py-laLHJ j g-laJ ki. ^^p- 4_JdL^H!I (J^jLlSJI Bj^jvi ^_ 4_ajLJeTLi.u.U tiJJtj (jnC 4 A I", -^- ^ L^j ^ajLse-u-uJLl 

LjJjLilu (.^j^jj (j ^l1| 4_ia^jJI (jjjLmJI Bj^jvU 1 glu 1 n" S«iL>. ciJLui jj-aj < 4j>^ Mir ^-J-a^J 4_JuLi 

. J-uaAJI I JUk £_ (_Lu^iil!Li 



^jJIj gl'jUUI ^Uiill Sj^'i 






uLJ$>£)l 




fpijJLH 4^L* 



J.iI47t£Llii 




. ( Analog Multimeter ) ^uui ,>LumUI ^^ ( i ) J^Atlj 
. ( Digital Multimeter(DMM) ^jJijWiiu ^^ ( ^ ) J^ .t.tij 

Analog Multimetr sj&uiii ^Laiuj^t : vy 



Sj^>b L^^uLJa c_xAjlj3J (_yJI <JLsVjl*JUj 4 rtjrtUtl CjIj_Jl1!I (jujrtj c J n> It Li^ijJiLfl ^^Lcj jL^- J-A 

JlIc jL^>Ji AjLa^J CjIjijjI JlII £ys 4 ^-i j ijj i S^l- C - 'J^ J-caTu <JLs1jjj3 J-<«»o fj^J' I J-& o-« 4ibJ^»J| 



.( Galvanometer ) 



(J^'dif ' 



(^ jU^ Jjb 



^jJIj gl'jUUI ^Uiill Sj^'i 






uLJ$>£)l 




i*1jjijl 4*L* 



Jjl*HtLli* 




?lj-»-u i^j^^xJI jLlIIIjJjJ. 4_tJ>>l i^U 4_jjLj_LflJI 2j_&Ltii]l 4_dGLil]l (jjjl_i2]l cj^>-\ rt b*a aJLJcTli-uJ 

t * "~jl"~ ua-ll 2*.lj_SJI ajjVj (^-jJlo (J^jLlLo (jyic tiJ^tlb j_iIuj_o «L> Cj_lL« <_dj_*-L« *-j^>- i_alj^><jl 4-JV J_> (J^jLlSJI 
i(jl3jiJI i^jL-uj Jiicj .tiJj^elll *-j^>JI (_3lj^*j1 Jl 4J-ij-U 2^2] I ^Liaj ^^-i-»o 2jJ2 tiJJLLii C^JL=3 lil ^1 
tiJU jj j-iuj-gii jlj^L&l CjJlj>o ^jLljJa tiJLLii jJJ^"" 1 '*' La Jt_Lcj .(j^jLjJa jLgJ>- (_£i 2— <jjlLaJL I (jlj3VI 4-JLv Cj Ju>o 

.j-iluj-cl! <_j JljJlIjI (»J^i (jL»jLJaJ Jixciejil 4 jl or a Jlsc Iu-u j 
: iuBUill S>^Vl ^l>^> ■ 

. < ' l*^ \JJ 1 4 k ' ' " \ \ 1 
. Zy&\ L^J (Y 



l^Tj .( AC-V) (DC-V) .i^pi lj j fl-,,,,11 4^^ j^i LdJJL^j^C AC-A )<( DC-Ab^aij 



^jJIj gl'jUUI ^L^JI Sj^'i 






uLJ$>£)l 




( 1 - 11 ) JUS 

:4_»JLl!l <_ ) Ljj ^—i 1 1 ^yic i^jj^o j^^' d)t ( 1 -M) J^-i Mill J^lS- £ys iliuv^ij (jl o ^~> <iJJ 
CjIjLjIJIjI Ji^4^>JI (_>"Lj^ 4- 4_t^L». 4jjt-i(7tl 2Lclj_a c-^-soj .l_JL_uj l_xJvj^3 (_£l - j + tljjLiVL 

.lJjJiII ^ jL^JI o^L-u ^yic SJa^Lse^i! ■> - .->.^tl 0UJVI 4- t-alj-^Vl j"^^ s-*-? 1 ^ ^^ cjJl>. lil 

^jjfLjV LaAJC j«- all *jJaj-a Sail a ^1 jlfraJl SjAx-al r-ULi]l li& aAaJLuoJ | ^aLiil jLuua ■ 



: (j^j *_tislj-« 4-*^j' 4- S L*-*^=J u''""" 1 fl J £"LlaJU (jl Jij^^lJ : (J^LiaII 4jUr jLpi-l ^LlLLa ' 
.j-cTl^u-U Jl^>JI ouLji 4-1 U- 4- {* jL = e -" Ll - IJ di '( DC. Volt ) j-ftTL^u-tl Jl$j>JI o-"^ ^J^ f-^J 
. JJpJLl ^4^' o-°L^ ^^ 4- r kjL *^ J - u ii ' ( AC . Volt ) -S-iplI Jl^>JI o-°^ ^J^ f^J (^ 

j^i.mIIjLliji ^ls iJU. 4. f j^^ojij < ( DC . Current ) j«-,,„[\ jLUi ^ls ^jj^ ^j (r 
. jjpil jLpJi o-"Lj^ ^ju* 4- f^-*i ' "jj ' ( AC . Current ) j^pil jLpJi o-^Lj^ ^j^ 3 t^»j (^ 

. 4_ajLHI 4_<i_jJ2 (J-uLjS ^JL>- 4- ajLJe!u-uJg < ( OhniS ) 4_ajLHI <_>uL^2 ?TjJ^J f-*-^J (° 



^jJIj ^JUUI j*Ua» Sj^'i 






uLJ$>£)l 



: ciUljill iALi 




( V - ^ ) JUUI 
jjs-^lj 4_aj|_2il (jjjl_i2] AjLseTLi-uJg l£3^C- L«-<fclj^>"l (jW^JJ^ ~^3i ^j' ( V - M) J^-i Mill (J^L>- £ys tliu^^ij 
. -S-^pilj j-aTn.u.11 Lc^LCjij Jl^>JIj jLp-JI (J-uLlSJ aJlJcTu-uJ^ ( _ y ifl-i-u 

: «LJLi]l '-iljU-^tl pL3l III ^^JLjju^ (^l«j8 (j-uL>^ (J-**^ jW-?*^ a|j Vldil Jup LaJ-ic 

(J^jLlSJ <■_- <-t-<j 1— Ll I x-tiajJU (jyic jLllvVI 7-LLlo xuuzjj dJLJjj ' . ) j I La U (j^jLlSJI 4._icjj VjI JJl=»o £)] l_. l>j ▼ 

.4_ajLHI jl jLjj jl Jl£>JI 

Jlajj 4-*^ (jyicl (jt^ 1 £"^-^ f^J^ iiaLjjd»^U$ 4_ u _ u |_Lll 4 oj^ll ^^yicjLjIL^VI ?-LLLa *-»i=j V-?^ 

i±^j^o A-t-mLLa 4_<i_*J3 J} JjuaJ J? J} JJaVI a^IlII oL>ol 2_ 7- LllU tlL^»o J^— «J jL^^JI J-u^jj 

. 4_iLiiJI (jyic Bji^vjil ^jjJlIJI 4 rtt^ila j-<iuji,l ,_£Jl*IuV 

1j_Sj tiJJi Juu 4_a_i3 J_lc '— l-Jlj aj<j_<1ujJ,I tiJj_»Ljj i_3j-<-u 4_jj|_>j_g.=xJI 2jjI JiJI x_o jL^JI (J-Lcajj Juu ▼ 

.(^Jjac 4_Sj^Laj 4_iiLii]l Jl jJaJLl I ;jj^~ '_' (j! 2Lclj_a (_i^><j^ .4_ 1 iLiJI (jyic 4_<jjLSJLI 4 -ij^^l 

jLpJIj Jl^>JI ouLji 4JU. 2_ 4_^Llll 4_i_L2J| j>UoV 4_jJLi!l 4_uJjLjJI 4.1>L«JI ^1 jtid^l dUJ> juj *Cu ▼ 









^jJIj gl'jUUI ^L^JI Sj^'i 






uLJ$>£)l 



. jLiTlvVI 7-LLLo 4_cxi! <■ r iiillll (^jJLl jl_jli-l UAJ ^LajLiill 4-ajJ2 (J-uLlH! jL^jsJI -a I JlJcTu-uI JlIc ▼ 
jL^>JI ^_j-La j Laa2j tiJUi ftUJj j-flj^aJI 4 t-irt'< ^^lc j_<i jJ. I i_alj^*jl i U u A-> (_,_& BjjLslIIj jL^>JI 3jjL*-« ▼ 
^ljjJll! j a LaaJI 4_La_2j (jyic j_<lujJ,l t_3lj^>ol i La jj ia ) AJJJ 3 La i ul^gj ^3 < (_JLlxl!Ij (_lvj.II ( _ i + ) 
(_3j__, jLg^JI 3jjL*-a <aJ^C- 4-J— »- *2_J < 2 JuJuv (jj<LjS 2ji_». <_)— — J Jilc jL^>JI i>jjL*-a C-*-><JJ (*J^ 

.4__,|__t1 4_4J_J1 <j_l 4_L_lL_u^1 4_ft_L-ll ' -t-Wl 
jljj.1 4-3jL_ll i^-J-Li (jyic jLg^JI i^-J-Li (J.U— >JJ JUU <_1J jj 4_djL_il (J-uLj^ r<UJ <5jjL*-U (JjO --I j"<*'VI Jl*J ▼ 

. jL^>JI 2_jJa *_a (jjJuJI jjjxjayu ?"i*£- (J| oL— JVI *_a Lg__il_j_ 
. jLll-wVI t-LLLo 4_a_j_j j__ijJ,I 4_a_t— J_wi Juu ^l—JI ^jjjL—JI Jj^ijJ—j Jj^— ■ i <a ) xj (j-«J ' 
jLj_vVI 7-LliLa 4-4J- vC j__ijJ.I 4-<iJ_ = 4__iL_ll 4-ajL_il 4-4J- 

: J^ 
4_a_j_J1 Juk f-jj jjlvj ( A - \\ ) J^— _JI 2_ £_i_>jJ.I jL^JI (jyic I g-mLi -ilj-t! 4_4j2JI JlvjI 




( ft - n ) (j_JJI 



: J*JI 



Jl^JI (j^jLjJa (jyic pj__j^j «LJl k. 



< jLll-wVI ?-L_i_<j Jl j La-Ill J «L_il_j_ -S'j-U (J^jLlSJI pjj .SJ_*<J (jl * .tLaj i •■ ) 

.(DC. Volts) j „-,,,, ti 

£-Ll_<a 4_<ijS I_M <_}!>—»- (j-a (jjJL_ll J). 1 ^ 1 '* LoLa i A$y\\ 4jt7jrt->JI 4 ojrttl JuJ_»u 4jrtj^-il ^Lj___L Lsl 

55 f^jJi <__aj j-^jil 4_<u_ J-»-fj < 60 ^jJi <_,-&$ ^jjJLi <_yi£. 4UjS L7 i£.i JL>>lj« 600V j_a>j jLji^vi 



^jJIj gl'jUUI ^UiiJI Sj^'i 






uLJ$>£)l 




. (jjJLUfl £ya LuLul> Jt^jsti! 4jrtjrt-»JI 4 ojMI <— iLi.il>. (j^-i «ij ^yJLlJLLa < 2/5 <QajJ2 (jj)*"-i" 



275 X- 



600V 



300 



550V = 4*Ji*il 4*fi]l 



9 4_cj2J| ojui cjj jjuvj . ( *\ — > \ ) J^— .SJLj Ttoisjil jL^JI ^yic 4_JLJL>J1 ^ajJDI jl>jI 




( % . n ) jtiil 

4_lloLjJ1 4Ja}L*J1 aJLJcTli-uJ i^jjji <JL>JI ojui 2_J i 50 (j^C Llj^Sj Oji^o j-«ijJH f^i-* 3 (J'j-^-^'r'i .(^jLlII 

. LuLlxl> 4_ajLSil 4_n_jJ3 jL>oL 4_loL>JI 

10Q X 50 = iuai i^jUii i^ 

50&2 = ^LSil 4_ojLSil 4^^ 



^jJIj gl'jUUI ^L^JI Sj^'i 






uLJ$>£)l 



t^yBLxIll jL^>JI ^Uirfl^j ^L^^aJljLlJI S jL<i (j^Lia *^% 



4_LaLaVl jL^>JI 4jvj] (_yic -i^vj-U jLlL^VI *uj i±~fv t^L-uLjJa jljJ.1 yiVn (_yJllH (_L=lAJ1 <J}L>. <j-a 

Li J-jjxj (j "-—i <ng t ( AO.A ) -i-ip-a jLpj? ( DO. A )j-aTn.u.a jl_p (jU= stljjdu jLpJI (J-"Lj^ 4_JLLaJLo (jyic 

JUJJ>JI (J-Ll^a^J tiJUi Jl*J (*JJ^ .JJJ^l 2l £.ljjvi (JJ5 f-j^>- (jyj-*-^ LT^'j ' > Hl-A ) j-^J-^ 3^ ( -*»- ) j^°J^' A3 J= J'-W 
. ( \ * -M )J^— tfaJL (j-t-JjO jjfcl 1^ 4_j-iL>j^^xJI Sjjl jJI *_a ^Ijlll ^yUl 





1 J 


r r 1 

\ J- 


L 


r^i *■ 


r 








1 

J VJ1 




1 


m * 


r 






#v 




•! 


■ + 


t, J- 


L 


r "i 




r 



R(i) 



"(*) 



Mc) 



( W - U J Jiiil 

i 4_ajLiLa til! Jl=ij j-cHlxlII J-g-StU jJl^i/j £ys <jj^-i a 4 t^ij i uj 4_jjLj^=j isjj'-S ( I ) *j-^<J*' L<J (j-A-JJ 

/j? Cjjso t ^-'- i ^ (*-y Q^ b <4_ajL2i1 J^L>. <j-a SjJjIjJI 2_ jUI (jr ij^=i3\ jLpJI eJufu <j-«LjJ2 Li* ; <— i^llal, I j 

-se-tisjJJ 4jL^laJ L j TuxTd . 1 1 jl-£»- (J-u*<3Jjj tiiJi Juu Ajibj ( <_! ) *.j^>JI ^_ Tcaislj jji I a^— i 2j_il Jul (Jj^sjIj (jl 

jLjjsti! t_JL-a]1 L-SjlaJlj c jLjjsti! (_^jll (_3jiaJ1 *_a jj-ua^i! (_^jll Lj3jiaJI (_LojJ ^-^J ( £ ) 0"^' *tr 

4-iala.fll] jiaJb ^La JiJ^pJLl jLjill <j-«LjJ2 4_!L>- 2_ La? <4_ajLH1 <_3jJa *-a 



^jJIj gl'jUUI ^L^JI Sj^'i 






uLJ$>£)l 



jL$3- Jj-uajJ (<uj i±^p* < ( AC. V ) -i-ipil Jl^>JI j! ( DC. V ) j-c^^U Jl^JI ^Ij.^ Jl^JI o-"^ 4-lLa-La 




( 1 - 1 f ) (Jl^l 
ajjj ( DC V )4_ajLHI (jyic Jl^><JI (Jj-2 (j^ LmJ jTu-cTlU I jL^ (J-u^ajJ 4jrtj^-> ( ^ -) Y) J^-i Mill drVdi 
t_JL.g]l i AjUtlj < li^-v ^ylc? jj^— " (jl (jI^Tlq-U (Jjj ^pJI Siaiiill (jyic jL^stl! (_i--^jJLl i AjUtl jJjj^sjjj tiJJi 
. jL^>JI (_aljl=l Jl jJaJj }La -i-ipil J^>JI O-"^ 4_!L>- 4- L* 3 ' ' '-J^ <J^' ilaiill *_a 

(jy ic jLllvVI 7-LLia x-iJz^j tiJUi r^JJ^ 'J-^ 5 <*J^ j HT^~' J~'~ *-^' A J>-»"~ ' "*< (— 3j-<-u 4JL>JI oJui 4_ 

S~>Xi Cr =xJj < 4_jJj^=JVl 2jjl jJI *_a iLa^jj-a 4_ajLSil OJL= I jl 4_!L>. £_ La? < Lg-mLi -ilj-H 4_ajLSil 

Jl>.| j<u tj-oj JlsJj t-ajla J^Vl ^yic jl fljjl jJI ^ LojLSil l^IjIs? J-*^2 t_^>«J 4JL2 2 ->■_,->■ ,^tl 2^|j_2j| 

• ( V - \ Y) J^-i iSJLj (j^-J-a j-4 1 o^—i tiiJij L^iic (JjjLx2JI 



1 




( 1 - H ) J&UI 



^jJIj glJUUI ^L^JI Sj^'i 






uLJjjl&ll 



t( Digita; Multimeter )^jl\jh+ul£\jLftt UJL'j 



jlai£5ft£L*ii 




( r - u ) Ji^l 




1 


7%r 



( i - H ) Jiill 



iwUlfiJl^jJt ^JUJlLAyaJI ,1*— ill 



. <_jL_cl>JI j<u j_<ijJLI gJjJ^ Jl jJajJI u) I rll^uVj (Jj-JuLujj irtjualj (>*.ljJ2 ^,1-itj 
.4j=jj»l1I.I *lj^Vl -S>^J ,»JlC ^jstjii LLajkJI <iSJ 4_l!Lc L$j c^Ij^JI 4J2.S (Y 

. (j^fl^l jl CT-^'j j^4^' 4_ l< . i J j jJ tlaj_<lu JlvjjVj (jr aJ2jJI jL^JI *_tisjj (J-*^ aJ^^u ( 1 

^(Jjj^jIJI (Jj^ x-tisljJll (_!== 4- ^^yic^l ^jjjil]l jLjIo-I J 1^1 (i 23 ( ^- a jL^- a ' jLp < ^^^ ) y 3 1 1"* 1 1 o- '-^' 
t Lj-*^j Lg^LjJa -ilj-tl 4 oj"^ jW^'j 3j-l<TlIIj 3j-ftTn.u.U ji^j>JI (_>"Lj^ '2— ^j-^jJ I jTu-aTJ^iJ I jL^>- aJljcH^ 

( S Y ) ) J^~ 1 iuJlj . I LgaJ I 4_ajLSJllj jLpJI (J^jLlSJ 0jJ^-La3 £j*— •» V jL^>JI (_)i~l-S ^- (JjJulIJI (_^j>-1 ( J.».tjj 
Jl^>JI *-j^*-« 4-u.uJ (jl ilaj 4_l!Lc (J^O 4_ajLiLa 4J CjljUr j ]f~> & <j-C «jLlc (j^J :Ji-jJI iis-j^a H 

. ^g-iTuTij V j-u.<TlU (JjLHJI (Ji-jJI £$j~>tX 
jjLSil iLvj-a r^>. . ( - ) (j^usLtJI Ji>jJI (jll jLAiLI {jjui Jl^jv JUol ^ujj < ( + ) jjLLJl! 

. ' " ' I ' la j ' (j£. fijL-LC 
.(jjl fiolt ^^yAj^j-a A$y^— 1 jLiTolU jjjji <->-j-a J4J33 <i>.jJLI ^> juk 4_<^a : ( J^l^tl ) jLuiltl (2>" J-Ij^a " 



^jJIj gl'jUUI ^L^JI Sj^'i 






4jIjaJI * jib 




uLJ$j&! 



- -BUI 



Ql ^ 



( o . n ) juji 



(jt aJ2jJI i_yajJti\ 4 t~>JJ M ttiili LjJ^L»- £ys (j(7-f"M (j pj| <(_psjJLll 4 Ij > uj (jr C.Ji3 .Ajj-ioaJI ,»LJ2j^?l AJuulzls 5^uLSil 

jj.n'it <£._^Lo ^j<^ iu^ji ^Lo^M! er^jJi d^j^ji 4Uj,; fi I", , „" a! .( Digital Display device ) 

JjLlaJ u^£- * j) i '<~> \ \ AiLcLJI <jjI jlvjJ.1 qjh Xjub^j}\ (_y3jjtl\ 5_<iLi *i i < ^" *Cu t^^p^. (j-uL2!l *. (JT AJI 4-4JJ2 £^c 

^ ^ jl^uj ^Jij ( Seven Segment Display ) ^si^i ^ji cili <>jjJI cil j^j Cr ^ u 3 i ^ij 



(Common Anode) < ijjpA* l u^^ u < jruj>^ 4- J^i>a CT ^j < 
jt<^to Wsj o^j-^ " BjA 3 ~ B J>^ o^j-*^ ( "^ " ^ Y ) J^=lA]Ij (CommonCathode) LdpA* j*-&a/\ 

( 330£2) diLojLS-ftj "La-ujA\ CjIjlv^U lLjL^j J-^sjj il-po i (FND510) j1jl= ijjp..j.a Jl*j^*j 4J-c\> 



. ( +5V ) ^IJl^V! Jl^ 



^jj~— >_' LaJ_Lc jLj 



^jJIj glJUUI ^L^JI Sj^'i 






uLJ$>£)l 



ll_l 


£_ _3 

q_ _b 
P c 


/ / 


il 1 


A_ _d 
6_ _e 





7SEG-MCA 

0) 



7SEG-MCK 
(*) 



( *\ - w ) JiJUl 



^jJIj glJUUI ^L^JI Sj^'i 






uLJjjl&ll 



dO-^|- 

fo-N- 



( 1 - \ <f ) JLJLJI 



XX 
b o+3- 

XX 
c <H<- 

XX 

f <H^- 



+VCC 

— O 



0) 



10 



r 

a 


|3 


u 


/ 


•L 


"/ 


g 





FND510 
common anode 

( V - H ) J1AJI 
. (>3j-c. fijL^j ^yic ( 9-0 ) <j-a Jl JlcVI ^^JLc Jjj^a^Jl 



= o^( A-U) J^xAJI 



^jJIj glJUUI ^UaH Sj^'t 






uLJ$>£)l 



III 
IJ 

'dUBBBBBBBB. 



6 



8 



9 



( LCD ) : ^ J3 LJ! JSLoJI j^a 

( daoiJl <u£ ) ^ju ^Ji ( nematos ) LuUjJ! Ul^JI <> (nematic ) U K;^H ^j^y i J 51 "^ 

(JT ii-ljJI •»■ La i uJI (j La «j *»i-^P- u^iitil] t j^-*- 1 '- a LA** •-*" J L^ "*" ' " (_J2l_i_uJI p^~ » ~-J ^-^ ' l£ Jl^-M' (JjLtxJI 
JiA2*-d ( 30 V u)\ 1.5 V ) (>-jLa (JJlI,! £- Jl^jv ,Jj^ <UjI mi" (_£-SjJ 4_aLLi ILusyi S^Lw Lc^la (J=ii 

. (_£jjJLl!I (JjLlxlL! 4_JJJjiaJI ( _^3 1 JJ>J I J_L*J (jjJ-J' ' (J-Lt-lTuTlJI <_JjjL-ul (jj-^ 1 







f\ 




f 4 




> 

y 




w 





jlLS L]«d>n^aui 



i 



- UJwij ^jLh 



jjJ^JJL- 



EMO 



- 1 A1 - 



^jJIj gl'jUUI j*Ua» Sj^'i 






uLJjjl&ll 



( 140 ) j\^ aA^ ,y, gisLLa ^ 

cLIj / ^La ( 40 ) liiJi JjLL ( i_ 



. r J .utt jiun ^Lali 



^jJIj gl'jUUI j*U_tl Sj^'i 






uLJjjl&ll 



ujdill J*_ J4 J, j>w)l u_ Lmj 



. j_l_*!1 _)_-!_ £3l Lulajg 4_^djJlj 4_J_La!_l _y-L_JI 3j-4->t t 3jlJ_t?l 



----- /& 




______ / t-ljJuJLl x_3j 

= = = = = / La}UJ! 

_>J| 4____ Y _J A_t_J JLU J-= 

L>JI _____ / ^jjjull l>.jj* 


__L_lt| 


-aaj_uJI J_u 




.4__j^j| (Ji-I- <La}L__n __L»-J--i J__(_5^ J)-.'^** 




. c _a_ijJIj ^--U!-] J**_l 4jj___^ 




.<__*— 'jJlj ^-JjLa-JL __IjL_J!j _^^>_l i _j_iLj_4 <LjjLi__5 <_3jj_<j» 




./ Ol QJjJ >_■— _ul ' k 1 '^** 9 4-jO fll —XI / v«— t— *—_—_—— 4_S > > rt ^ 




. 4_5~l^a i_j_usj ^-aSjJI jlg^lt ^--jJlluaJI t__t___t! » 




. <Ll4_IJ_I _)_>J__I 4__l__ C__;J__3_p <3jj_a» 




■^iiTl(] lliii)illlr|.cvicill pilnlll nnlnllniiiiiiq[]ll 

gftLUI >J^aJi (^uiaU 2aU) I 3jlrf I 



■ 



2^jjtftt3j^HjjJtjJ 



Cr^W^*^' f^ljJt jlfr 





AauLUl S-b-^JI ^JUJlLAyaJI ,1*— ill 

(Osculloscope) 

. I Jl^IjJI «jL!u>U (>«jJlj JLgjxJI (>a ^L^» (^LS Ajrtj^i ibjjuo ▼ 









uLJ$>£)l 



(Osculloscope) 

bj_Laj (J-cAJ *j^ l£^ (j'-^ 3 'M ' ■""*■- •«' * j Laj i •■ ) ^QJuj jJsljjJI (j-a 3.SJulL« JoLflJ ^_ iljIjLiuVI 

jl i^p- OJL=i lil U-}3 Ifll"^ mi 4_2jJt-aj SjLiVl ljy^> Ajjj tj-a I m^<ij <— 13^3 moiu-ujVLa 4 V a! 

. 4jj It-ill oUljJLlI J-a-c £ys I f ("—i <n til!JL==ij 4 M^-a ^-*i> a 

Ju2j ' . 'j^— 1 1 gjjj 1 uj^l 1 p^~ ' Belli I <LvjJb (jr «_<-uJ La j] 4_j_aL« 2I 4_gjvljJI 2jjj-a Tciisjj ( ^ * - \ Y) J^~ ' '"^ 




■ e 



©£; [OJ Q1EC 




Sir -1- on et 



6 




o 



ft" 



. jL^>JI (J-4-C ^JL^la ^J-"^ Cr^'j jl^T-ll 4_lL>J jJI ijjt\ jJI ( ^ — \ V) J^-i mi! I TcJajj L 



..-■I.' I :■ I" 




: FWV-HS 



WJL15/PW V-F>ffi 



. Cabiiiil fuJj jl$aJ 4jij^ilWI jjjliil ( ^ . i r ) Jl^l 









uLJ$>£)l 



jJjji 4jvj^sj 4_i^uljJI i_a1j^»oVI r\jl\ (jyic. Jl$j>- S^jLit (Jjj^sjj Jiic ( ^ - \ X ) J^~> iSJLj ?=_ii3j-a j_&Lt=3 

4_>^jji (j I i»L-jjvj 4-La-S-LIl jLlxla jji I n /j»UI S" ,jl -^— ■ * (jj -^— ■ j'gi 4_jiaVI i—Slj^oVI ?"'j-H cA' 1 J*-iTujlU 

I'.'njjd _jJ L*-aV LLaiw *-<i=J ILsaLJI JJt j\-u±ja jL^ iJbjia 2 jJL j_cIL<-uil jLjlaUI 4_j_t^L». LjJ ( CRT ) 

. ^ M ^— i ic. mjli ^ La 2 *' 1 1 tfjui 

( SCREEN ) IAIA1) S 

tiLiiJI Jl LJj_kjjjJj . <j-«j-!'j ^4^?^' U^i ^^-*i! cr J W (*-^"J Lr* 1 ^ 1 Ct - * ' ; 'j^~ i i u-lL i uj^l 3 "Jl'-^J 

j-=j Division ( Div) ^L^f J I u^ L^i j^l* ( Y -^r) j^^tL^^^t U^= 

Division ( Div) ( 8cm ) d^,,,?! j 1 ^ c^ ^j m»& J^ _^j 
Division ( Div) ( 10cm ) pL*3T ijAc ^u. j;^^ <>jJi Juy 






. ObLiil pj j jl^i 4^L3 . ( 1 - 1 T ) Jlddl 









uLJ$>£)l 



Lai ^j^L*- 4-5 ' . U A I i'^ tl pj-i-JI (3-° 7-LLLa J-&J ( V - ^ V) y j^~~ < uA\ J TcjiajJll J-&J : ui* uuJI r-Lxajo ▼ 



POWER a 
onJoff £li 



(FOCUS) ( j^^^l ) c ^jJI c bi^j ( INTENS ) s^LbVI c lii« V 

5.L5JI ^ j^ l^, ^ JJI cLSJI z*L2»i ^jj 4. ^^Ill ( INTENS ) z^LiVI ^LlL» ^ 
.tiiJio^u ( £ ->V) J^a tiJIj 4_iLii! LT iaVI j>»J.I (^i^. 



0£ 

INTENS 
FOCUS 

© 



( Focus ) c>^' C 13 ^ Intense ) u umi c^ . ( * - 1 T ) J^ 1 

: ( TIME / DIV ) ^jJI ^^x^l c lii* V 

(0 ->Y) J^lAJL. 
TIME /DIV. 











ms j 


5^ 


50 ^ 


2 ' 




x30 


5 A 




A 10 


10 // 
20 ( 

4v 


e 


Y\ 5 
1 J 2 

/ / 1 

y 5 


2 ^ 






s 


CAL 


lis J 



(TIME /DIV) ^l C ^. ( a -^)Ji^l 
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: ( X-POS ) ^Vl j^JLl ^ 

.tiilj orijj ( 1 -^Y) J^.MIj < (j^Vl j^JLl <L£.L£. ^yLi Bj^likJI 3jLiVl ji JaiJI 



X-POS 
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X-POS C lft- ( 1 - 1 T ) Jiill 

:( Y-POS ^Vlj^l V 

AjLilajj 4 (jji^xlljl jIj^UjI ^j cj^^' L>* LSS^^ <-P^ ^^P^V. l£^' Pj^ L>° r^i<a 
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O 



Y-POS c^a- . ( v - ^ ) d*<*ll 

:( VOLTS / DIV ) j*>ji c Lll. V 

7=_tisj^JJji I n^~^ (CjJj-aJI JJja^j) (^g.Sj.q.tJI JJ^sJLl (jyic j«_<-UjJI (j^jLjJLj ^_ p £ —- ' Belli I 7-LlAja 

VOLTS /DIV 




)LiJ! Uf * 



.VOLTS / DIV ^iaoJI c tfa* . ( ft - ^ T ) JUUI 

: ( DC / AC / GND ) t LAjVl c tu- ^ 
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.(DC/AC/GND) jLmJ c tt* . ( 1 - ^T ) JtdJI 

(Ch.i / ch.ii)3u^ij^ij^ • 

tcJsj^j j^i La=3 ( (^ri.ll ) 4_uLUI Z\ I2JI (jyic ,_£j^^l SjLiVl j g taj Lg_Lu ( (^ri.l ) 

. ( >♦ - >r) j^lAjl 



{CHL 



(CHIT) 




CH II t 



( 1 ) iUaJI j ( \ ) jUUI <J ^Lull ^IjL, . ( 1* - 1 T ) JtiS 

: ( CH I/II - DUAL - ADD ) ^Utl • 

1 T t- — > ^» tr> jJ Lq-Lu 4 j«U-uljJI 4.-JuLi (jyic- Jflkj <_Sjjj< (JAJjLfii^M (jjO (_£? jLpiJ ( Url.l / 11 ) Tc-pLllI 

y-LJaJj AJ-2J lj_o*ij < C^ajJI (J-hAj ^- (j-GjLiuVI o- 4 N *"**' J>-$-k| f*^J i— 3j) r n'q ( DUAL ) y-QflJLI (jylc 

. 2jl>-Ij fijL^I 3jj.i^o 2_ I Ajl glojj (jAjjLi^M j-*^ 1 ( ADD ) 
CH IJII DUAL ADD 

■ ■ ■ 

TRIG IJII LcHOP J 



Ol jllil jyjif J ^iaaJI C 1jLs . ( \ - 1 £ ) JLUI 
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:( INVERT ) c Lmi V 
jflty.'q il^jJll 2jLiVl j^ti ^_^ ( Y - U) J^xAJb j-^jllj ( INVERT ) ^-LWJ 4,,„;tL Lot 
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: jiiii j^l^ Ct Ll2 < ^jUjlL-uI t-^o.^ 2 _>jL*ia jL=xuiL ^Li (jjfcj ( Probes ) 

£jj^ j^l ^ji^Jlj c-jj^-immIj.mjVI 2. 2jLiVl J^Jl«_> ^fll^laVl J^l Jaj^ d-.p. BNC-BNC 
OSQLUMOOFE iTlff 



■JML"|-;h GENEEA10K 
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pu$H«lrt!tflt* 



( T - It ) JidJI 



L«_iiljLvl 7-L.u.a_) ( _ 3 -<-ulj (j^i 2jLlc jj^VI i_3j_LaJlj JjJNL^ i—S^la (j^j ^jj^~ '**'j L-u^a ( J.g.Cn.uj (j) jia-tl 



XjLi^U L_JL_oJI i_3j_La]l *_a J^ajjj J>j_<-u^?l ^j^iJL jj^^Ij sjLi^U c-cJ^jll (_3j_La]l *_a Jj^s jjj J-*^ ^ ' U>^^ 

2j-l«-u3 L&ilc. SjLiVl (J-uLjS -Slj-U 4_L=JiiJ1 C^JL= lil La 4_!L>- 2_ SjLcLxLa «LJLu^jJ aljLSeHcul J^— qj La== < 

.(1-^1) J'^— ■ iSJl J Tcjisj^J j_ii I n^~^ AjJulJI ill ^Lu-a^H] L 4_jJI (Jjj-ajJI ' . i • ' .aj (jl ^— ■ i a ^_ J^_j3 j] 
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^luuj^jdJj tijiij BNC tijia ouijj . ( t - 1 £ ) (jlJJI 

^LLai. 4_ujtjj 4_t!Lc 4_l<-uLxlv jj <J1iLxl>J,I £ys (_>^L». fjj aI Jieludul J-^aij 4_*JL«J1 Cjl^^pJI 4_JL>. £_ 




. 4jAjl!I Calil>iLj oali o^ifl . ( - \i ) JUJI 



j i^f < 4J ( SETUP ) Ja£. <_^>u ^L-uLmJI JaaJ t^^a^JLuoijVl jL^v aJl^L-uj jl J^lS 






. ( i-1 - U) J^xAJb ^^ ^a U-S= ( OUT) 
. (cj-1-U) J^.Mb 

(_>. — 1 -\ i) J^-i MitL -x-tJ=>yi j_& I q^— > ( r? i rVi r U J-^3J *2_ 

. ( ^ — 1 -Si) J^~> MitL tcJsj^j j_& I o^-i (C/vL) x_Js^JI 
push button switches \ £ GUI i^L^JL Jw^t Uiii 



rotating contra & -^ ^^ CENTRED V^^^i^^ 1 ^ 

calibration controls J '|pE CAL position c ^Ljuo: ,iaiei^ ^t j^Lui 

(SETUP) ISU^jtiMJ ^LOj4jaji ( i . \t ) juJI 

: (Jj*. iVitl Juu tiiljU-^ (Y 



JJ>j 



.( ^ -U) J^,t,tl 

( *\ - >T) J^-i Mill 2_ «L)JI jLAllj 2l_Ll!l ^_ A^melJI ?=_jjLLj <j-«-ii= Jijjvjil <_sbe_<-a]l T-Llall *_*iaj ▼ 

. ( GND ) ^jVl ^j ^ 
j? 2*. Lis VI Bjiji ^^p- (j-« 4_<iL<iiJI ( _ y lg j -vlt-^tl , U-Ltl J-^— .*:. 2_ p ^—> ->"." ^pjl ^jjLUI -a I jiir" niLi » 

£ X-POS ) T^pLiil a! Jtiel^L tiilij 4_iLA!l ^^JLc Jaid! t-cmllll jSjil J^J^^b tiilj Juu AjiJ v 

. ( Y- POS 

^k. ( AC ) ^lo^jIjT ( DC ) ^yi J! (GND ) ^yi ^> ^-Hiii dL^ ^ ^i j^ ^ 
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JlM (^j-<-u tiJUi Jl*j LLlIc Laj (jjjl_i2JI 4_JLaaJ lj_&L>~ jL^>JI 7r 1 1 <aj 3j_p*^M 2^iaJ»JI aLcjI Jl*j 

^jlL,(360° ji 180°) <>j Ju^ia^l. o^b( 180° j\0°)c^ j^\jjJu^u^ 




Pttk to peak 
Zero w zejo 

3^1 ijUWI t^ii . ( V - \t ) JSJUI 

iLtxoJI ejLi^U oLfljjju 

.( Vp.p = 2Vp ) u *b*l\ ;U.i2J1 l±ju± ^Jkj : ( Vp.p ) O okr ^okttl U^l SjOJj* 

v5 " ' * " " " " 

{jja 4_LjL= 3jjJ aLcjV fj^UI (j-ajJLi <-9>*3 ( T) j-ojJLi LpJ j-oj^ cr^'i (2_> jbjdl «p3 ) i^jjJl!! (j-ajJI <j! 

(j^jjJI (j-uLjJa (jj=l^jj 4_jjlii]l '-'I a£.l L^ajl ( S ) 4_jJLUL <jvj.cU (_5jjjJI (j-aj-It (_)^L2jj. ( .360 Jl ) 

£ys 4_LaL=3 «jjJ (jyic (jLjIL>o jrt*lUli*t (_£? jrU jl Z j Y ^"t^rt ill (j^-JJ ^ J " (j^" 1 ^ 1 ^'^ O'V i£j3^ 
,j^j[2i\ (jjjt-i" (j-^-i <ij ^Lj^^xJI ^<u-uljJI (j-a ( T <jv^aU ^jjjJI (j^sjJO^vjJll (J^la t—jLtxoJj .<J1)Ij_JlLJI 

: jjij (_3-U-*JI 
^jJI £\2aa JUjS X e Jl^IjJI ejLi^J Cy 2^Vl JJ^vll cyJx. oLujil ^Jl£. = (T) l»-^X\ J^» 

F = — : iJbJ! s^Lpi aS>UJI iJa^l^j BjLiMJ jjpll c_jL^ (^=x 
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.41*^ j_L3 ^ 1^03^ ( 2xl0"*s ) 2jLlS L^laj ji^^JI l^jX\ rjllo 

1 -0.5xl0" 6 Hz = 500000 Hz = 500 KHr 



2x10- 

^obr 4_<ij2JI ( VP.P ) u <\V>c ^ol^tll i^jiiJI : (jyLLa J^jf ( A -\ 1) J^-i Mill J^Li- <j-a : JLla 

. ( T ) ^jJl ^jJlj ( VP) 

VOLTS /DIV 
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Jl£>JI rl'rtfl X fijLJvljJI 3jLi>U Aj^j^jlJI CliLtJjJLl JiJlc ' Luaj = ( VP ) Jl^JI 4_a_^2 

IV X 2 cm =(VP )j^s\i^ 
2 V = ( VP.P ) j^>ji ^ 
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